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Abstract. Doppler cloud radars provide valuable insights into cloud dynamics and microphysical processes. However, their
measurements are often affected by velocity aliasing when hydrometeor motions exceed the radar Nyquist velocity. Aliasing
affects Doppler velocity spectra (DVS) and the derived spectral moments, introducing uncertainties in cloud classification and
microphysical retrievals. Despite its importance, a dedicated dealiasing algorithm for cloud radar observations is not yet avail-
able. We present RADALIA (RAdar De-ALIlsing Algorithm), a new open-source tool designed to detect and correct aliasing in
Doppler cloud radar spectra. RADALIA includes two complementary approaches: an interpolation-based method (IntB) that
can operate with either single-frequency (i.e., standalone) or dual-frequency observations, and an iterative method based on
vertical continuity (IterBU) that operated on single-frequency observations. The algorithms were assessed using dual-frequency
cloud radar observations at two ACTRIS CCRES stations: AGORA in Granada (Spain) and JOYCE in Jiilich (Germany), rep-
resenting contrasting atmospheric conditions and levels of dealiasing complexity. The dual-frequency configuration was used
as a reference, since it provides the most robust performance in complex situations involving strong attenuation and multi-
ple hydrometeor populations. Under straightforward spectral conditions, all standalone approaches successfully dealiased the
DVS, achieving 98.6 %—99.6 % agreement with the dual-frequency reference. In the most challenging spectral scenario, stan-
dalone approaches achieved success rates above 70 %. RADALIA addresses a longstanding gap in cloud radar processing and
serves as the basis for the dealiasing algorithm being implemented within the Cloudnet processing chain. It has the potential
to improve cloud radar products and their application to microphysical retrievals, model evaluation, and satellite validation.

Future work will focus on broader validation and extension to additional cloud radar systems and scanning observations.

1 Introduction

Doppler cloud radars are state-of-the-art instruments for studying cloud structure and processes (Kiichler et al., 2017; Luke and
Kollias, 2013; Kollias et al., 2020). By providing high-resolution Doppler moments and polarimetric variables, these radars
offer unique insights into cloud dynamics and microphysics, such as ice crystal growth (Unal and Moisseev, 2004; Kneifel

et al., 2016; Oue et al., 2018; Luke et al., 2021; von Terzi et al., 2022; Pfitzenmaier et al., 2018). Additionally, ground-based
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radar networks, such as Cloudnet (Illingworth et al., 2007; Tukiainen et al., 2020), within the Aerosols, Clouds and Trace
gases Research Infrastructure (ACTRIS, Laj et al., 2024), can provide microphysical retrievals and atmospheric target classifi-
cation products through instrument synergy, supporting the evaluation of forecast models and an increasing number of satellite
products (Pfitzenmaier et al., 2025; Feuillard et al., 2026). However, Doppler radars are affected by the Doppler dilemma: to
achieve a broader sampling range, the maximum unambiguous velocity (Nyquist velocity) is reduced. This causes velocity
aliasing when the velocity of a moving target is faster than the hardware-defined Nyquist velocity, introducing ambiguity into
the Doppler spectrum moments: mean Doppler velocity Vy, spectral width S,,, skewness S, and kurtosis Sg,,.¢. This,
for example, complicates hydrometeor classification since it affects the shape of the Doppler spectrum and causes particles to
appear at incorrect velocities (Unal and Moisseev, 2004; Maahn and Kollias, 2012). The aliased velocity spectrum can affect
microphysical retrievals such as the characteristic drop diameter retrieval proposed by Benjamin M. Courtier et al. (2024). In
this context, accurate dealiasing of Doppler velocities is critical to extract coherent information from cloud radars, providing
high-quality data even when the Nyquist velocity is exceeded (Maahn and Kollias, 2012).

Algorithms for dealiasing weather radar data have been widely developed (e.g., Ray and Ziegler, 1977; Bergen and Albers,
1988; Joe and May, 2003; Haase and Landelius, 2004). Ray and Ziegler (1977) assumed that velocities at all range bins follow a
Gaussian distribution, limiting its applicability to simple aliasing cases (Unal and Moisseev, 2004). Bargen and Brown (1980)
improved this assumption by enforcing continuity between range gates and assuming that the first range gate is unaliased.
However, this method can fail under strong wind conditions, which may violate the unaliased-first-gate assumption. Bergen
and Albers (1988) applied vertical continuity and emphasized the importance of removing low signal-to-noise ratio (SNR)
bins to avoid false gradients that could be erroneously attributed to aliasing. Further studies have attempted to incorporate
auxiliary wind information to improve the first guess. For example, Hennington (1981) and Eilts and Smith (1990) incorpo-
rated wind profiles derived from atmospheric soundings. Merritt (1984) relied on a wind model, and Jing and Wiener (1993)
used velocity-azimuth display (VAD) wind profiles. Nevertheless, these approaches can fail to represent the complexity of real
atmospheric wind fields. James and Houze (2001) incorporated time continuity by using previously dealiased gates as refer-
ences for correcting subsequent ones. They developed a four-dimensional dealiasing method that incorporates continuity in
time, elevation, azimuth, and range. By constraining dealiasing across multiple dimensions, the algorithm reduces dependence
on auxiliary wind information (Bergen and Albers, 1988; James and Houze, 2001). However, incorporating continuity across
multiple dimensions can significantly increase computational cost, preventing the algorithm from operating in real time or in
large datasets. Despite advances in weather radar dealiasing, dedicated cloud radar dealiasing has not yet been addressed, even
though they are affected by more severe velocity folding because of their lower Nyquist velocities. This is likely because cloud
radar Doppler velocity spectra (DVS) are more complex and may exhibit multiple spectral peaks (Vogl et al., 2024), violating
assumptions used in weather radar dealiasing to estimate the reference mean Doppler velocity (i.e., the first guess).

This study presents RADALIA (the RAdar De-ALIsing Algorithm), a promising new open source tool for Doppler cloud
radar dealiasing that serves as the basis of Cloudnet dealiasing processing chain, thereby contributing to a high-quality dataset.
RADALIA includes two complementary dealiasing methods: an interpolation-based method (IntB) and an iterative bottom-up

method (IterBU). The IntB estimates a first-guess velocity either from single-frequency observations through interpolation



60

65

70

75

80

85

90

https://doi.org/10.5194/egusphere-2026-5139
Preprint. Discussion started: 9 September 2026 G
© Author(s) 2026. CC BY 4.0 License. E U Sp here

and continuity constraints in time (IntB-SF and IntB-SFT, respectively, based on James and Houze, 2001) or from collocated
dual-frequency measurements (IntB-DF), where the Ka-band mean Doppler velocity is used as a first-guess for the W-band.
In contrast, the IterBU method is a fully standalone single-frequency approach that exploits vertical continuity to iteratively
reconstruct folded spectra (based on Bergen and Albers, 1988). Although the described approaches are applied to 94 GHz
data in this study, they can also be applied to any other radar frequency separately. Their performance is assessed using two
different scenarios: a straightforward one, measured at the JOYCE station under favorable conditions for the dealiasing, and a
more complex one, measured at the AGORA station.

This paper is organized as follows. Section 2 presents the Cloudnet stations, datasets, and the dual-frequency cloud radar
system. Section 3 provides an overview of FMCW Doppler cloud radar measurements, and the instrumental and physical
drivers contributing to the onset of the aliasing issue. Section 4 introduces RADALIA and describes the methodology behind
IntB and IterBU methods. Section 5 assesses the performance of the proposed approaches using detailed case studies and one-
hour continuous observations from different cloud regimes. Finally, Section 6 summarizes the main conclusions, discusses the

strengths and limitations of the algorithm, and provides an outlook on future developments and applications.

2 Cloudnet stations and databases

The JOYCE (Jiilich Observatory for Cloud Evolution; Lohnert et al., 2015) and AGORA (Global Atmospheric Observatory of
Andalusia; Tolentino et al., 2025; Ortiz-Amezcua et al., 2022) stations were selected because both are equipped with identical
dual-frequency Doppler cloud radar (DF-DCR) systems. JOYCE is located in Jiilich, Germany (50.91°N, 6.41°E, 110 m asl), in
a relatively flat environment with limited topographic influence on cloud dynamics. In contrast, AGORA is located in Granada,
Spain (37.16°N, 3.61°W, 680 m asl), within a mountain-valley environment influenced by the Sierra Nevada mountain range
and associated local circulations (Ortiz-Amezcua et al., 2022). These contrasting environments provide a suitable framework
for assessing RADALIA under different atmospheric conditions and levels of dealiasing complexity.

The DF-DCRs at AGORA and JOYCE (named NEBULA and JOYDURADO, respectively) performed collocated W and
Ka band measurements using identical chirp table settings (Table 1). This configuration provides a unique framework for
assessing RADALIA under different cloud regimes while minimizing differences arising from instrumental characteristics. In
particular, NEBULA and JOYDURADO enable the evaluation of the single-frequency (SF) approaches through comparison
with the IntB-DF solution. This comparison is particularly robust because IntB-DF uses the Ka-band mean Doppler velocity,
Vll\ff‘, which is generally less affected by aliasing, as the first guess for dealiasing the W-band observations and therefore does
not rely on the continuity assumptions employed by SF approaches. DF-DCR of these characteristics can currently be found
only in few sites in Europe at present, making this dataset particularly valuable for evaluating dealiasing performance across
contrasting cloud conditions. Consequently, differences in algorithm performance can be largely attributed to atmospheric
conditions rather than instrumental effects.

Data collected on 01 August 2024 at JOYCE and on 29 August 2024 at AGORA are used to assess RADALIA. The dataset

represents two cloud regimes with distinct levels of dealiasing complexity. The first dataset was chosen to illustrate a scenario in
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which dealiasing is straightforward, characterized by relatively smooth variations in the DVS shape with height. In contrast, the
second dataset represents a more challenging case, including a more complex cloud structure with sharp DVS shape transitions
due to different hydrometeor populations, faster movements, and strong attenuation. It was selected to explore the limitations

and robustness of the different algorithm approaches.
2.1 NEBULA and JOYDURADO

The RPG-FMCW 35/94 dual-frequency Doppler cloud radars, NEBULA and JOYDURADO, are state-of-the-art cloud radars
operating in the Simultaneous Transmission and Simultaneous Reception mode (STSR). In this mode, horizontally and ver-
tically polarized signals are transmitted simultaneously, providing full polarimetric variables at both bands (Krasnov et al.,
2023). Additionally, W and Ka-band antennas (beam widths are 0.56° and 0.84°, respectively) measure approximately the
same volume, avoiding the problem of mismatching sampling volumes when using different radars as reported in previous
studies (Tetoni et al., 2022). This is crucial because the dealiasing assessment of SF approaches relies on IntB-DF dealiased
spectra, as aforementioned. For the analyzed period, NEBULA and JOYDURADO DVS data are filtered for power values
below 6 times the standard deviation of the mean noise floor (Hildebrand and Sekhon, 1974). Both radars have the same setup

and data resolution as summarized in Table 1, together with relevant technical specifications.
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Table 1. NEBULA and JOYDURADO technical specifications.

Parameters W-Band Ka-band
Transmitter Power (W) 10 1.5
Beam Width [°] 0.56 0.84
Operational Mode STSR Same
Transmitter Frequency [GHz] 94 35

Chirp1  Chirp 2 Chirp 3 Chirp1l  Chirp 2 Chirp 3

Range [m] 100-600 600-2000 2000-12000 | 100-600 600-2000 2000-12000
Range Resolution [m] 25.6 26.5 37.7 Same

Total Bandwidth [MHz] 44.40 13.09 7.60 Same

Sub-chirp Bandwidth [MHz] 5.86 5.66 3.98 Same

Chirp Repetitions [#] 7168 7168 9216 Same

Chirp Duration [ps] 84.57 103.49 170.79 Same

Nyquist Frequency [kHz] 5.91 4.83 2.93 Same

Nyquist Velocity [m/s] 9.43 7.71 4.67 25.34 20.71 12.55
Doppler FFT size 512 512 512 Same

Total Time [s] 0.61 0.74 1.57 Same

3 FMCW Doppler Cloud radars basis and aliasing effect

FMCW Doppler cloud radars transmit a continuous wave function linearly in the time-frequency space during a certain time,
named chirp duration (¢x). In this space, the transmitted frequency (f;) forms a "sawtooth" pattern referred as a chirp sequence.
The slope of this sawtooth in the time-frequency space is related with the range resolution at each chirp sequence (Kiichler
et al., 2017). Different range resolutions per chirp can be configured in the RPG DCRs hardware settings, and the specific
configurations used in this study are provided in Table 1. After a delayed time 7, the radar receives a backscattered echo with
an additional phase shift for each moving particles in the sampled volume. This is the Doppler-induced phase shift d¢p (t)
and it is associated with the scattered power of each particle. The power measured by the radar in the STSR mode is the co-
polarized DVS component sB.. (Myagkov et al., 2016). This component has the total combined H and V polarization power
scattered by the radar volume and is used to compute the spectral moments. d¢p (t) can be expressed in terms of the Doppler
frequency shift f(t) using equation 1, and in terms of the Doppler velocity V(t) from Doppler theory using equation 2, as

follows:
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folr) = 220 (M
Vo(t) = 52 @

where c is the speed of light, and f; is the transmitted frequency. The scattered power in terms of Vp(t) is the DVS, and it is
represented in Fig. 1a for all range gates. Note that d¢p (t) cannot be unambiguously interpreted for phase shifts outside the
interval [-7, 7], since any d¢p(t) > 2 is mapped back into the same interval. Then, within a chirp sequence, the inequality
27 fpts, <7 should be respected in order to avoid ambiguous measurements. As a result, when d¢p () — 7, the maximum
unambiguous Doppler frequency shift fp,, (the Nyquist frequency) is described by equation 3, and the maximum unambiguous
Doppler velocity Vy (the Nyquist velocity) is described by equation 4. Aliasing occurs whenever the Doppler velocity Vp (t)

of moving particles is either smaller than —V}y or larger than +Vy.

1
m =l t=ty) = — 3
fom = Jim Tp(t=t2) =52 ®
C
Vy= lim Vpt=ty)= 4
N = Jm Vot =ts) Afits, )

For NEBULA and JOYDURADO, a total chirp duration of ¢y = 103.49 us yields Vy of 7.71 m s~! at W-band, and
20.71 m s—! at Ka-band (Tab. 1). Thus, the W-band is more prone to aliasing. Additionally, as indicated above, each band
has different chirps at different range layers, meaning that the aliasing effect varies with height and becomes stronger at higher
levels according to the settings described in Table 1.

In order to illustrate aliasing and the different spectral features to consider when addressing its correction, Fig. 1a displays a
case of aliasing measured with the W-NEBULA (i.e., NEBULA measurements at 94 GHz) on 29 August 2024, during a rainfall
event at 08:00 UTC. This figure shows the sB,. in terms of V, for each range gate, where the intensity of the power is given
by the color scale. Each chirp is labeled in the figure and easily identified by its =V range (gray dashed lines, see values in
Tab. 1). Aliasing is present in all chirp sequences in Fig. 1a. Although the effect becomes more severe in the third chirp because
of its lower Nyquist velocity, the second chirp is highlighted with a red shadow and is used to represent the phenomenon. In
this chirp, aliasing occurs in all range gates and is readily identifiable, since the resulting positive Doppler velocities are not
physically consistent with a rainfall event. For the sake of clarity, Fig. 1b shows the spectrum at 1139 m (chirp 2) where the
spectrum appears split into two regions, being the blue shaded area the aliased one, i.e. shifted by +2V from its true position.
The dealiased DVS is shown in Fig. 1c, where it can be seen that vertical velocities reach values near to -10 m/s. This correction
has a significant impact on the spectral moments, i.e., Vi, Sw, Sskew> and Skur. The original moments extracted from Fig. 1b
are -0.97 ms~1,5.05ms™ %, 0.51, and 1.68, respectively. However, after dealiasing (Fig. 1c), the corresponding values become
-591ms~1, 2.87ms ™1, 0.12, and 1.59, respectively. Therefore, dealiasing aims to provide accurate estimates of the Doppler
moments while preserving the full information content of the Doppler velocity spectra.

In general, dealiasing consists of determining the integer n, which represents the number of 2V} intervals by which a given

portion of the Doppler velocity spectrum has been shifted due to aliasing. Once n is known, the true velocity can be recovered
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from:
Vp =V +n2Vy )

where Vp is the measured Doppler velocity, V, is the true Doppler velocity, and n = 0,4+1,4+2,4+3. Since V; is unknown,
the automatic determination of the value of n and which side of the spectrum must be shifted is not straightforward. Thus, an
estimate of the true velocity, Vg is required. The accuracy of the dealiasing process therefore depends on the accuracy of Vg,
with larger errors increasing the likelihood of miscorrections. Once n is determined, the aliased spectrum can be corrected by
shifting the folded part by n2Vy /AVp offsets, where AVp is the DVS bin size (i.e., Doppler velocity resolution). However,
an accurate determination of 7 is challenging, especially when it is equal or greater than 2 (Maahn and Kollias, 2012). In
this scenario, V¢ from another source (such as a second radar with a larger V), or alternatively, range and time continuity

assumption as used in weather radars (Bergen and Albers, 1988; James and Houze, 2001), might improve the determination

of n.
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Figure 1. Doppler velocity spectrograms: (a) vertical spectrogram measured on 29 August 2024 at 08:00 UTC using the chirp configuration
shown in Table 1. Vv is denoted by gray dashed lines and aliasing at the second chirp is highlighted by the red shaded area. The blue dashed
line indicates the spectrum location shown in (b); (b) aliased DVS at 1139 m (light blue line), and Vs (dashed red line and value in red) is

shown. The blue shaded box indicates which part of the spectrum was shifted due to aliasing; (c) dealiased DVS, with its dealiased Vs (red)
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4 Methods
160 4.1 RADALIA tool

RADALIA is a tool which focuses on dealiasing s B.. by obtaining an accurate estimation of Vg and n, through two different
methods: an interpolation based method (IntB) and an iterative bottom-up method (IterBU) (see workflow in Fig. 2). The IntB
includes a pre-processing of the data enhancing their quality prior to dealiasing and Vg can be obtained using two different
sources. On the other hand, the IterBU offers a straightforward self-contained solution, without pre-processing. A compromise
165 between both approaches introduces balance between adaptability and computational efficiency. While the IntB approach
allows the user to tune the pre-processing parameters to improve the dealiasing performance under specific observational
conditions, the IterBU method provides a more automatic and computationally lightweight solution. As presented in Fig. 2, the
input of both methods is the s B.. from RPG level 0 binary files. Once introduced in RADALIA, these input files are processed
according to one of the two methods, and a dealiased sB,. is provided as output. The detailed workflow for both methods is

170 presented next.
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Figure 2. Diagram of RADALIA workflow. It shows the processing steps of IntB and IterBU dealiasing approaches.

4.1.1 IntB workflow

The IntB method tackles the dealiasing in four modules: (1) aliasing detection module: detect aliasing in order to determine

which profile must be dealiased and which range gates can be used to estimate Vg in SF approaches included in this method,
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(2) the pre-processing module: aims for reducing the effect of artifacts and facilitate data handling between chirp sequences, (3)
the Vg estimator module: considers two options for finding Vg, and (4) the dealiasing module: corrects aliasing as illustrated

in Fig. 3. These modules are described as follows:

1. Aliasing detection. DVS is flagged at each range gate when the number of bins containing data in both left and right ends
of the spectrum exceeds a defined threshold. By default, the last 5 bins on the left and right edges are checked, but this
value can be user-defined. When using the dual-frequency approach, an aliasing mask is also computed for the Ka-band
in order to identify reliable range gates used for dealiasing the W-band. In any case, when the aliased spectrum may no
longer contain signal at the Nyquist interval, it cannot be detected. In these cases aliasing cannot be detected without
extra information, such as the Ka-band spectrum. This is more likely in cases of small Vy and fast-moving targets,
increasing the aliasing detection uncertainty since it cannot catch aliasing present in the neighborhood of flagged range
gates. Therefore, users who are not interested in these regions for their specific application may simply exclude flagged

range gates and a surrounding margin of approximately =500 m, rather than applying a dealiasing algorithm.
2. Pre-processing

(a) Filtering (optional). DVS with less than a minimum fraction of non-empty velocity bins (i.e., fraction threshold)
are discarded. By default, the fraction threshold is 10%. This filtering step ensures that only spectra with a sufficient

number of valid observations are retained, reducing the influence of artifacts and noise-dominated measurements.

(b) SNR clipping (optional). By default, no clipping is applied, but DVS with signal-to-noise ratio (SNR) below a
chosen threshold might be removed and this SNR threshold can be adjusted. To apply this clipping, it is important to
consider that large thresholds may remove data at the edges of the spectrum, complicating folding detection, while
low thresholds may retain spurious speckles. This step ensures that DVS are mainly influenced by hydrometeors,
not noise, and it complements the noise removal of Hildebrand and Sekhon (1974), already applied by the radar

software.

(c) Regridding. This step creates a new Nyquist interval to account for the different spectral resolutions associated with
each chirp configuration. The regridding facilitates data handling between chirps with different AVp. In this step,
each DVS within a chirp sequence is resampled onto a common velocity grid ranging between £ 1.8 Vv ;4. across
chirps, with Vi 1,4, being the maximum Vi of the different chirps. A new Doppler velocity resolution AVyp is

applied. By default, a resolution of 0.1 m s~! is used, although this parameter can be modified by the user.

3. First guess estimation. A reliable estimation of V¢ is essential for the dealiasing process. Within the IntB workflow, two
possible strategies are considered: (i) using an external estimate of V¢ as a reference (IntB-DF); (ii) relying on stand-
alone measurements when no external reference track is available (IntB-SF), with a secondary correction constraining
V¢ through a temporal-stability assumption on the air motion. This secondary correction is optional and is interpreted

as an additional refinement of IntB-SF, named IntB-SFT. Further details on each option are provided below:

10
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()

(b)

IntB-DF. For dealiasing W-band data, V¢ is obtained from Vﬁa from the Ka-band collocated radar (if available). It
is assumed that the frequency separation (94 and 35 GHz) is close enough to sample substantially similar hydrom-
eteor populations; therefore, the W-band mean Doppler velocity Vﬁ is expected to be practically the same for both

bands in most cases.

IntB-SF. Based on the Aliasing detection mask, at aliased range gates, V¢ is set to V1 from the previous profile,
provided it is reliable according to the Dealiasing flag. Since the current profile may contain undetected aliasing
as discussed in the Aliasing detection step, V¢ at unaliased range gates is calculated as the arithmetic mean of the
current and previous profile values. This approach reduces the impact of undetected aliasing near aliased gates and
provides estimates for missing data. If the previous profile is unreliable, V is derived via linear interpolation of

Vu from unaliased range gates identified by the mask.

4. Dealiasing

(a)

(b)

Offset determination. The sign of the Doppler velocity V; determines the direction of the spectral shift. For Vg < 0,
the right portion of the DVS is shifted to the left-hand side, while the opposite applies for Vg > 0 (Fig. 3a and 3b).
As illustrated in Fig. 3a, the offset is determined as the number of Doppler velocity bins (resolution AVp) by
which the right portion of the DVS (blue shaded area) must be shifted to obtain a displacement of 2Vy toward
lower velocities. Then, all red bars within the blue area must be shifted by this offset.

In both figures, the DVS is divided into two portions by finding the discontinuity interval either as a gap in the DVS

or, when the two portions are merged, as the spectral minimum.

i. If the Doppler velocity Vg < 0, the right portion of the spectrum is shifted to the left side as shown in Fig. 3a.

ii. If the Doppler velocity Vg > 0, the left portion of the DVS is shifted to the right side as shown in Fig. 3b.

Shifting. The left or right portion of the spectrum is shifted according to the offset determined in the previous step

(see Fig. 3), which dealiases the spectrum.

11
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a) Offset determination (V; < 0)
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Figure 3. Illustration of the offset-determination procedure used by the IntB approach: (a) original and dealiased spectra for the case Vg < 0;

(b) original and dealiased spectra for the case Vg > 0. The original spectrum, Vi, discontinuity interval, and AVp are shown on the left,

while the corresponding dealiased spectrum is shown on the right.

(©)

(d)

Dealiasing flag. The dealiasing flag is a mask that classifies the quality of the dealiasing. It identifies: (i) No alias-
ing cases, where no correction is required, (ii) Dealiased range gates, where aliasing is present and the correction
is considered reliable, and (iii) Suspicious range gates, where the correction is likely unreliable. Unreliable cases
are detected by inspecting range discontinuities in the dealiased Vy;. Under the assumption that hydrometeor pop-
ulations vary smoothly with range, strong vertical gradients are not expected. A threshold based on Vy (4.67, 7.71,
and 9.43 m s~ ! for each chirp; see Table 1) is applied between adjacent range gates. If Vi, — Vs, , > Vi, where
Vi, and V), are the mean Doppler velocity at range gate z and z — 1, respectively, the specific range gate is

flagged as suspicious. Otherwise, it is considered reliable.

Second shifting. When the optional IntB-SFT is selected, a second shifting is performed whether the current
dealiased profile generated by IntB-SF have any range gate marked as "suspicious" by the Dealiasing flag. Since the
temporal resolution is 3 s (see Table 1), significant changes in cloud microphysics are not expected between suc-
cessive profiles. Therefore, Vi is assumed to remain approximately unchanged over consecutive profiles. Then,
the previous V) profile, either already dealiased or unaffected by aliasing, is used as a reference to dealias the

current profile, thereby enforcing temporal continuity.

In case the previous profile was flagged as successfully dealiased, this profile is used as a new guess Vg,. Then,

new offsets are determined by minimizing the difference between \7M and Vg, in multiples of 2V (i.e., n2Vy,
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where n = 0,+1,2, 3). Fig. 4a illustrates a wrong dealiased DVS due to a bad estimation of V. Using the corrected
previous profile as a new guess Vg,, it is possible to observe that for minimizing the distance between Vu and
Va,, n should be -1, and the new offsets are defined as —2Vy /AVp. Fig. 4b illustrates the new DVS (in red) after
the second shifting.

a) New guess determination (if IntB-SFT)
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b) Second shifting (if IntB-SFT)
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Figure 4. Illustration of the second shifting procedure used by IntB-SFT: (a) determination of the new first guess Vg2 from a previously

dealiased profile after an incorrect initial correction; (b) dealiased spectrum after applying the second shifting using the selected solution.

For this study, RADALIA was configured using the default options and no SNR clipping was applied to ensure a consistent

comparison with IterBU using identical input spectra.
4.1.2 TIterBU workflow

The IterBU method is a fully self-contained dealiasing approach that estimates the first guess by exploiting range continuity.
The algorithm proceeds from the lowest range gates upward and assumes that microphysical properties do not change much
between adjacent gates and therefore exhibit comparable Vy;. To account for the periodic nature of aliased spectra, the Doppler
spectrum is first analyzed in a circular Doppler bin space. Therefore, sB,. is expressed in terms of Doppler bins (k = 1,2...N)
rather than Doppler velocity bins (Vp). A preliminary dealiasing solution is obtained independently for each chirp and is
subsequently refined using range continuity constraints. Finally, the spectra are shifted onto their dealiased velocity positions.

Conceptually, IterBU consists of four main steps: (a) estimation of the mean Doppler bin position in a circular domain, (b)

identification and correction of Nyquist boundary crossings between adjacent range gates, (c) refinement of the solution using
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range continuity, and (c) reconstruction of the dealiased Doppler spectrum through spectral shifting. The equivalent to the
offset used by the IntB is referred here as the Nyquist number. It represents the integer number of Nyquist intervals by which
a spectrum must be shifted to recover its dealiased position. The method consists of a single dealiasing module, illustrated in

Fig. 2 and described in more details below.

1. Dealiasing

(a) Circular mean computation. The Doppler spectrum is defined on a periodic velocity axis due to the Nyquist limit,
such that the first and last Doppler bins are adjacent in velocity space. To account for this periodicity, Vy is
estimated using a circular mean in the Doppler bin space. In this space, S(k) denotes the spectral power at the bin k,
withk =0,...,N—1,and N is the number of spectral bins. Each Doppler bin is mapped onto an angular coordinate
on the unit circle according to 6, = 27k /N. The weighted circular mean is obtained from the first trigonometric
moments B= Zg;ol S(k)sin(fy) and C = ij;ol S(k)cos(0y). The mean angle is then 6,,, = arctan(B,C'), and

the corresponding mean Doppler-bin position is

kar = 0,,N/(270). (6)

Because the Doppler axis is periodic, bins located at opposite ends of the spectrum correspond to neighboring posi-
tions on the unit circle. Therefore, spectral power distributed across the Nyquist boundaries still yields a physically
meaningful estimate of kj; close to the spectral peak. This concept is illustrated in Fig. 5a, where the Doppler

spectrum S, (k) is represented by the red bars on the unit circle.

(b) Aliasing detection and Nyquist number determination.

The Nyquist number is estimated by examining the continuity of the mean Doppler-bin position between adjacent
range gates. Under normal atmospheric conditions, abrupt changes in hydrometeor fall velocity are not expected
between neighboring gates. Therefore, large discontinuities in kj; are interpreted as spectral folding events rather
than a normal atmospheric variability. The Nyquist interval associated with a given mean Doppler bin is defined as
[kar — %, ka + %] This interval is represented by the red point in Fig. 5b and corresponds to region I in Fig. 8a.
The mean Doppler bin position from the previous range gate, ks
by kq.

__,»1s used as a first guess estimate and is denoted
Because the Doppler axis is periodic, a spectrum crossing a Nyquist boundary may appear as a sudden jump
from one end of the Doppler domain to the other. Such discontinuities are identified when the difference between
adjacent range gates approaches the total Doppler domain length N. Fig. 5b illustrates this situation by the black

arrow. The following procedure is applied independently to each chirp:

i. Ifkpr, —knr, , < —0.75N, the discontinuity is interpreted as a positive wraparound across the Nyquist bound-

ary. A new representation is obtained by adding N to the current mean Doppler-bin position, k3, = k. +N.
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The corresponding Nyquist interval becomes [k, + %, ka, + %] This situation is illustrated in Fig. 5S¢ and
by region II in Fig. 6a.
ii. If kps, —kag,_, > 0.75N, the discontinuity is interpreted as a negative wraparound. In this case, /N is sub-

tracted from both the mean Doppler-bin position and the associated Nyquist interval.

Lo TN

T4
ok +N(—k 3
k:ﬂ SeEMp T T Mz 2)

2

Figure 5. Illustration of the IterBU procedure in circular Doppler-bin space: (a) Doppler spectrum S (k) represented on the unit circle;

(b) the same as (a), indicating the original Nyquist interval, mean Doppler-bin position from the previous range gate kas,.—1, and aliasing

conditions; (c) updated Nyquist interval after aliasing correction (red point).

(©)

(d)

Adjustment of the mean Doppler bin and Nyquist number.

The preliminary solution obtained in the previous step may still be ambiguous because multiple periodic represen-
tations of the same spectrum are mathematically possible. Therefore, a second continuity constraint is applied to
refine the solution. The chirp sequences are processed from lower toward higher altitudes, assuming that the low-
est gates are either unaliased or have already been correctly dealiased. Furthermore, the method assumes that the
dominant hydrometeor population evolves gradually between adjacent range gates. The dealiased mean Doppler-
bin position from the previous gate is used as a new guess estimate, kg, = kas, ,. A set of possible periodic
representations of the current spectrum are then examined, ks, +nN, where n =0,+1,£2,....

The representation that minimizes the distance to kg2 is selected as the final solution. As illustrated in Fig. 6b,
the candidate kps . + 2N provides the smallest separation from the reference estimate and is therefore chosen.
The associated Nyquist interval is shifted accordingly, becoming [kns. + 3N/2, ks, + 5N/2]. The resulting mean

Doppler-bin position and Nyquist interval define the final dealiased solution for the current range gate.

Shifting. Finally, the Doppler spectrum S (k) is circularly shifted according to the dealiased mean Doppler bin posi-
tion and Nyquist interval obtained in the previous step. This operation relocates the spectral power to its dealiased
position within the Doppler domain. Since different range gates may require different shifts, all spectra are pro-

jected onto an expanded Doppler grid whose limits are determined by the minimum and maximum dealiased
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310 Nyquist intervals within each chirp sequence. Each shifted spectrum is inserted into this common grid according to
its corresponding dealiased Nyquist interval. The Doppler-bin coordinates are subsequently converted into Doppler

velocity coordinates, yielding the final dealiased Doppler velocity spectrum (DVS).

()

©

: 1 1 1
! [H - : :
ol st | .
2! i i :
5| HEE : :
=i HEEEE | |
| FHEE!iiiiii?i:‘!.-. | ;
i b |
k T K * 7 Ky 5+ N 3N
My, 2 ,Z kMz+ E M,z kMz+ 7
2N
1
N |
? ) " |
: : A 0 > l—bt ' |
1 H < N
5] p ot ! 1 1 1 1 1
g : I:'—::: H 1 1 : !
A T = |
“ SHEREE . : : :
1 :||:I|:l:|:l—| 1 1 H ! |
i :':-::.':.:.::::.,—. i H i : :
; EHHHEERE : ! : : :
F R R é i é ~ é !
N k N Ky o+ N IN koo ky,+2N 5N
kMZ_? M,z kMz+§ M,z kMZ+7 G2 KM,z kMz+7

Figure 6. Illustration of the IterBU dealiasing procedure on a linear Doppler-bin space: (a) original spectrum in region I (white histogram
with dashed edges), and the dealiased mean Doppler-bin position and associated Nyquist interval (green) in region II; (b) continuity-based

refinement step using the reference estimate kg2. The resulting dealiased spectrum is shown in region III.

5 Assessment of RADALIA’s dealiasing methods

This section presents the assessment of RADALIA by means of detailed inspections of individual Doppler spectrograms and
315 extended observation through a 1-hour DCR measurement. In both analysis, data from two observational sites with different

atmospheric conditions, JOYCE and AGORA stations, are used.
5.1 Assessment of dealiased spectrograms

The first case study was observed at the JOYCE station on 01 August 2024 at 08:25 UTC. Fig. 7a shows the original JOYDU-
RADO W-band spectrogram, Fig. 7b shows the corresponding Ka-band spectrogram, and Fig. 7c shows the W-band de-aliased
320 spectrogram produced by IntB-DF. The Vy profile of each spectra is also indicated in each figure by Vy! (blue), VX2 (gray),
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and VD¢ (green), respectively. As shown in Fig. 7a, the W-band spectrum in region C1 exhibits no aliasing, with two peaks
indicated by yellowish tones. It suggest the presence of two hydrometeor populations separated by resonance effects result-
ing from Mie scattering. In contrast, the Ka-band spectrum (Fig. 7b) exhibits only one peak, consistent with scattering in the
Rayleigh regime. Region C2 also displays a bimodal spectrum, although aliasing is present. Due to the aliasing in the W-band,
the discrepancy between Vyy and VK? increases compared to C1. In region C3a, aliasing is particularly severe due to the low
value of Vy, while a sudden increase in VK/[V at the beginning of the third chirp also causes a substantial difference with fo/[a.
In region C3b, aliasing continues but is less pronounced owing to the lower measured velocities. Furthermore, the bimodal
structure is no longer visible in the W-band spectrum, indicating the same scattering regime for both bands. The Ka-band
spectrum shown in Fig. 7b is used as a reference in this study, but note that the Ka-band spectra sometimes exhibit a ghost echo
in the third chirp, which is a detached spurious spectral artefact with positive Doppler velocity above 2 km, likely caused by
instrumental effects. Additionally, the first 600 m are affected by near-range instrumental contamination, appearing as a broad-
band enhancement across much of the Doppler spectrum. However, these artifacts do not affect the dealiasing itself and are
expected to have an impact only under low-SNR conditions, as shown in the next section. In any case, near-range instrumental
contamination can be identified using the Ka-band aliasing mask and effectively filtered out. The ghost echoes typically exhibit
much lower signal levels than cloud hydrometeors and therefore do not affect the dealiasing.

As shown in Fig. 7c, the original spectrogram is correctly dealiased by IntB-DF approach since the final DVS matches the
Ka-band spectrum shape (Fig. 7b), and VL is proportional to V2. Tt is a strong indicator of successful dealiasing since both
bands are expected to observe similar DVS. In this case, the correction performs smoothly, with no significant discontinuities,
and all approaches (i.e., IterBU, IntB-DF, IntB-SF, and IntB-SFT) yield identical results. Note that the approaches work even in
region C3a, where the signal starts to overlap. Once a global minimum can be clearly identified, all methods must still perform

well.
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Figure 7. Doppler velocity spectrograms observed at the JOYCE station on 01 August 2024 at 08:25 UTC: (a) original W-band spectrogram
from JOYDURADO; (b) corresponding Ka-band spectrogram; (c) W-band spectrogram dealiased using IntB-DF. Mean Doppler velocity
profiles are shown in blue (W band), gray (Ka band), and green (dealiased W band). C1, C2 C3, and C3b are subsections of each chirp

sequence defined in Tab. 1. No additional dealiasing approaches are shown because they produced the same result.

A more detailed inspection of the spectrum in regions C1, C3a, and C3b are illustrated in Fig. 8a, b, and c, respectively.
These figures display the DVS for the original W-band (blue), the original Ka-band (grey), and the dealiased W-band (green)
at 874, 2297 and 3427 m of height, respectively. At 874 m (Fig. 8a), two hydrometeor populations are detected at the W-band,
and the first Mie notch is visible, separating the two peaks. Although the W-band operates in the Mie regime and the Ka-band
in the Rayleigh regime, their S,, are similar (1.40 m s~! for the W-band and 1.02 m s~! for the Ka-band). Therefore, VL?
remains an accurate proxy for Vg. Fig. 8b shows the DVS’s at 2287 m, where the severe aliasing causes the overlap of the
Doppler spectra. Nevertheless, a well defined global minimum can be identified, and this minimum is subsequently used as
the reference point to partition the spectrum, after which the aliased portions are shifted to their correct velocity positions. The
clear identification of this minimum ensures a robust reconstruction of the spectrum despite the strong aliasing effects. At an
height of 3427 m (Fig. 8c), the W-band signal is strongly attenuated, yet only a single spectral mode is present. Under these

conditions, V5# provides a very accurate estimate of Vg because both bands have the same DVS shape.
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Figure 8. Doppler velocity spectra corresponding to regions C2, C3a, and C3b in Fig. 7, respectively: (a) spectrum at 874 m; (b) spectrum at
2297 m; (c) spectrum at 3427 m. The original W-band spectrum is shown in blue, the original Ka-band spectrum in gray, and the dealiased

W-band spectrum in green. Note that the dealiased spectra were regridded as part of the IntB processing. Therefore, their Doppler velocity

resolution differs from that of the original spectra.

The second case study, observed at the AGORA station on 29 August 2024 at 00:45 UTC, is discussed due to its complex
spectra since (i) multiple hydrometeor populations can be identified, ii) aliasing cannot be detected in some range gate intervals,
and iii) the W-band and Ka-band radars sampled different hydrometeor populations. As shown in Fig. 9a, region C1 does not
present aliasing, while region C2a exhibits a weak aliasing, which has a negligible impact on the spectral interpretation. Region
C3a exhibits severe aliasing that cannot be identified due to a lack of data at the spectrum’s edges. In region C3b, aliasing is
then detected.

The Ka-band reference is shown Fig. 9b, and the dealiased W-NEBULA spectrogram using IntB-SF, IntB-SFT, IterBU, and
IntB-DF are shown in Fig. 9c, d, e, and f, respectively, where V) profiles are omitted here for clarity. Differences between
dealised W-band and the Ka-band spectrograms (uncorrected dealiasing) are highlighted in yellow in Fig. 9c—f and discussed

below:
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Figure 9. Doppler velocity spectrograms observed at the AGORA station on 29 August 2024 at 00:45 UTC: (a) original W-band spectro-
gram from NEBULA; (b) corresponding Ka-band spectrogram; (c) W-band spectrogram dealiased using IntB-SF; (d) W-band spectrogram
dealiased using IntB-SFT; (e) W-band spectrogram dealiased using IterBU; (f) W-band spectrogram dealiased using IntB-DF. The undetected

aliasing region (C3a), detected aliasing region (C3b), and regions of incorrect dealiasing are highlighted in yellow and discussed in the text.

— IntB-SF: almost the entire spectrogram was correctly dealiased, except for the part where no aliasing was detected in
C3a and some surrounding range gates above it, as can be seen in Fig. 9c. The V}Y values in C3a and C3c were used as
reference and interpolated within C3b for use as Vg in aliased range gates, resulting in incorrect dealiasing, as shown in

the yellow area of Fig. 9c.

— IntB-SFT: most part of the spectrogram was correctly dealiased, but the uncorrected region increased compared with
IntB-SF, as shown in Fig. 9d. The previously dealiased profile was inaccurately corrected but flagged as reliable. Conse-
quently, this profile was used as new guess Vg, , which is unsuitable for correcting the current spectrogram. Therefore,
for highly complex spectrograms, as the one presented here, dealiasing flagging issues may lead to propagate errors
in time, as the one indicated by the yellow area in Fig. 9d. For less complex spectra, the Dealiasing Flag is accurate,
and temporal continuity constraints may provide additional benefit when aliased regions extend over larger continuous

regions of range gates and when IntB-SF fails.

— IterBU: above 2.4 km, the spectrogram is incorrectly dealiased. When moving from the lower part of the spectra to the
upper one, around 2.4 km, an incorrect aliasing detection is propagating towards the top of the cloud. The method uses
the Vi from the lower gate as Vg, causing the subsequent gate to be pulled toward this value. This bias then propagates
upward, affecting the entire profile up to cloud top. In this case, the assumption of no significant changes in microphysics
between consecutive range rates is violated, propagating the error up to the cloud top, as can be seen in Fig. 9e by the

yellow area.
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— IntB-DF': this approach yields the most effective results, almost perfectly dealiasing the entire profile, except for a

minor issue in the indicated yellow region in Fig. 9f. For this region, the Ka-NEBULA detected multiple hydrometeor
populations while the W-NEBULA detects only a single peak, violating the assumption that both bands are observing
the same particle population. This is due to higher sensibility of the Ka-band to detect large particles compared to the
the W-band. To illustrate this behavior, a detailed view of the Ka and W band spectrum at 2222 m is shown in Fig. 10a,
where VE? is closer to larger particle peaks on the right. When this velocity is used as V,, the dealiasing algorithm
shifts the W-band peak associated with smaller particles, originally close to 0 m s, toward the large-particle peaks
detected by the Ka-band. Above this level, only a single mode is observed by both frequencies, where the W-band
spectrum is consistently shifted toward the corresponding Ka-band peak, as can be seen for the example at 2674 m in
Fig. 10b. However, the benefit of this method is that V¢ is independent of the aliasing detection, which affected the
other approaches. It is worth noting that Fig. 10b shows the dealiased W-band spectrum at 2674 m matching the Ka-band
spectrum, even though no aliasing was detected. This highlights the robustness of this approach, which only fails when

the Ka-band detects larger particles undetected by the W-band due to sensitivity limitations.
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a) - Ka-band b) ;
01 -#- W-band ] L)
—— De-aliased (regridded) F “

—20 1 4 !

- P
wl r A ::} | M\A-

5 -15 -10 _
Vp (m/s) Vp (m/s)

~15 ~10

Figure 10. Same as Fig. 8, but for spectra at the AGORA station shown in Fig. 9: (a) spectrum at 2222 m; (b) spectrum at 2674 m.

The two case studies show that the proposed approaches effectively dealiased most of the DVS’s. While all approaches

performed fairly well in the straightforward case, differences were observed for the more complex spectra. The IterBU and
IntB-SFT were more prone to error propagation, whereas the IntB-DF provided the most effective approach, correctly dealias-
ing almost the entire spectrogram in the challenging case. The primary sources of error were incorrect aliasing detection and
incorrect identification of artifacts (i.e., provided by the Dealiasing flag). Strong aliasing can remain undetected when there
is no spectral power at the DVS’s edges, thereby decreasing the performance of all approaches, except IntB-DF. Nevertheless,

such situations are rare and usually occur only under extreme conditions. Additionally, DVS’s near range gates with detected

400 aliasing should be interpreted with caution due to the consistent presence of unflagged aliased spectra in these areas.
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5.2 Dealiasing performance on continuous measurements

The temporal consistency of RADALIA is assessed for different spectrogram scenarios observed with W-JOYDURADO be-
tween 08:00 and 09:00 UTC on 1 August 2024. As it can be seen in Fig. 11a, the original V)] shows an unrealistic sharp
shift at 2 km between second and third chirps (see Tab. 1), indicating strong aliasing, at least in the lowermost part of the third
chirp due to its smaller Vy (from —4.67 to +4.67 m s~1). The aliasing mask, showed in Fig. 11b, confirms that aliasing is
also present in the second chirp (between 0.6 and 2 km) and occasionally in the first chirp, presenting an homogeneous pattern
almost concentrated in one height interval. The Dealiasing flag shown in Fig. 11c indicates reliable and unreliable (i.e., the
algorithm may have introduced artifacts) dealiasing by “Dealiased” and “Suspicious” pixel, respectively. “Suspicious” pixels
are hardly identified in the whole time series; thus, the zoomed-out part highlights two of them. It is worth noting that aliasing
cannot be reliably detected through visual inspection of V}y, which highlights the importance of the spectral-based aliasing
detection.

The W-band Vf/f obtained with the IntB-DF approach (Fig. 11d) exhibits no sharp transitions at 2000 and 3800 m anymore,
as seen in V). In addition, according to the Dealiasing flag in Fig. 11c, almost all profiles were accurately corrected, indicating
the robustness of the IntB-DF approach. Only a negligible percentage of 0.0025% of profiles were flagged with at least one
“Suspicious” pixel. To be conservative, “Suspicious” pixels and their surroundings may require a double check inspection,
since either a range discontinuity (see Sec. 4.1) or unflagged aliasing may ocurr in the DVS. The success frequency (F) is
defined for each time step as the fraction of range gates for which data from the original V}} or the single-frequency dealiased
VD¢ agree with the IntB-DF reference VD° within a tolerance of 0.5 ms~!. The resulting F; values are shown in Fig. 11e.
This tolerance is selected because differences in the spectral shifting (defined in Sec. 4.1) between IntB and IterBU methods
lead to small differences in Vi, especially in regions of low SNR. Additionally, in order to avoid comparisons in cases when
observations of Ka and W band are significantly different, leading to issues in IntB-DF dealiasing (see Sec. 5.1), differences in
spectral width between Ka and W-band larger than the 99.9th percentile obtained from the complete hour dataset are filtered
out. This high percentile is used since significant difference in multiple spectral peaks between both bands seems to rarely
occur. Also, suspicious profiles given by Fig. 11c were filtered out and the Ka-band aliasing mask derived at the Aliasing
detection step is used to remove cases affected by aliasing and artifacts, as discussed in Sec. 5.1.

A sensitivity analysis was performed to assess the influence of the tolerance threshold on the success rate for the analyzed
period between 08:00 and 09:00 UTC, defined as the number of accurately corrected profiles divided by the total number of
profiles. The criteria for selecting corrected profiles is defined as F, larger than 99%, and the success rate was analyzed for
different tolerances. A convergence in the IterBU success rate was found for a tolerance around 0.5 m s~ L. For this value,
Fig. 11e shows that the SF approaches almost perfectly corrected the whole dataset, except for a few profiles for IterBU
and IntB-SFT around a region of strong attenuation, between 08:20 and 08:23 UTC. This is expected in regions of strong
attenuation, as discussed in the spectrum assessment in Sec. 5.1. However, IntB-SF, IntB-SFT, and IterBU have percentages
of success of 99.6%, 99.2%, and 98.6%, respectively, demonstrating the potential of SF approaches. Additionally, range and

time continuity constraints do not exhibit a significant improvement in dealiasing. For the IterBU, this can be attributed to the
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lack of a quality control step for the first guess. As a result, any inaccuracies present in the initial reference range gate are
propagated up to the cloud-top. In contrast, the IntB-SFT includes a quality check that evaluates whether the first guess derived
from previous profiles is suitable for use trough the Dealiasing flag. Nevertheless, this flag is not guaranteed to identify all
residual artifacts in previously dealiased profiles. While this limitation is negligible for this case, it may become more relevant
under more challenging conditions. Furthermore, for this particular case, the application of range and time constraints results

in slightly decreased performance.
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Figure 11. Time series observed by W-JOYDURADO on 01 August 2024 between 08:00 and 09:00 UTC: (a) original mean Doppler velocity
Var; (b) aliasing mask; (c) dealiasing flag; (d) mean Doppler velocity dealiased using IntB-DF; (e) success frequency F of the standalone

approaches relative to the IntB-DF reference.
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To further evaluate the performance of the different dealiasing approaches, a more challenging scenario is analyzed. Fig. 12a
shows continuous observations of original Vyy between 00:00 and 01:00 UTC by W-NEBULA on 29 August 2024. This figure
displays a case that exhibits strong attenuation and intense downdrafts and updrafts, which are indicators of challenging alias-
ing cases as discussed in the previous section. This is observed by sharp discontinuities in the data and the vertical variability
of VY. Also, Fig. 12b shows a more heterogeneous aliasing pattern than the W-JOYDURADO case, distributed across several
cloud regions. Consequently, a 0.12% of profiles processed with IntB-DF approach contain at least one pixel flagged as “Sus-
picious” (Fig. 12c). Besides the small percentage, it is much higher than that obtained for the W-JOYDURADO, showing the
greater complexity of this cloud. This is consistent with the individual spectrogram assessment in Sec. 5, where due to a sen-
sibility issue, pronounced by strong liquid attenuation, DVS’s can be wrongly dealiased. Instead, the IntB-DF corrected most
aliased range gates, as can be seen in Fig. 12¢, where the majority of the pixels displayed corresponds to a reliable dealiasing,
i.e., marked as “Dealiased”. Consequently, the resulting V¢ shown in Fig. 12d displays a much smoother structure than the
original Vyy.

Fig. 12e displays the same F, discussed for W-JOYDURADO (Fig. 11e), also obtained for a tolerance of 0.5 m s~!, and
taking into account the differences in S, between Ka and W-band. Therefore, RADALIA vyields a large success percent-
age for IntB-SF, IntB-SFT, and IterBU, which are 71.9%, 73.4%, and 75%, respectively, being all above 70%. As for the
W-JOYDURADO case, the results indicate no significant improvement in the success rate when including time and range
continuity constraints. Although IterBU achieves the highest overall success frequency, it also exhibits periods where its per-
formance becomes worse than that of the original data. It is shown in Fig. 12e by IterBU frequency values below the black
line between approximately 00:00-00:05, 00:15-00:25, and 00:40-01:00 UTC. Overall, 9.0% of the profiles processed with
IterBU perform worse than the original data, compared with only 1.4% and 1.9% for IntB-SF and IntB-SFT, respectively. These
failures are attributed to the propagation of errors from a certain range gate where the first guess is inaccurate and subsequently
propagated to the cloud top. Consequently, IterBU is the approach most susceptible to severe error propagation when the conti-
nuity assumption is violated. Nevertheless, IterBU performed particularly well in general, even in the strong attenuation region
between 00:30 and 00:40 UTC, where IntB-SF and IntB-SFT perform the worst. In this interval, these two SF approaches
produced worse results than the original data, but they are less impacted than IterBU. This is because the errors in IntB-SF
and IntB-SFT are primarily associated with propagation in the time dimension, whereas a verification step (see Sec. 4.1.1) was

implemented to minimize the propagation of errors throughout the entire time series.
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Figure 12. Same as Fig. 11, but for W-NEBULA at the AGORA station on 29 August 2024.
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6 Summary and outlook

This study presents RADALIA, a tool for aliasing detection and correction (dealiasing) of Doppler velocity spectra from
cloud Doppler radars. This tool significantly enhances the extraction of comprehensive information from DVS moments. The
paper presents the operating principles of RADALIA for cloud radar applications and assesses its capabilities and limitations.
It currently supports RPG-FMCW radar data and is publicly available, facilitating straightforward access, application, and
further development by the wider scientific community.

The assessment of the algorithm is performed in two different locations using DF-DCR observations from identical instru-
ments and radar settings at two ACTRIS-CCRES stations: AGORA and JOYCE. The chosen cloud regimes at both stations
are quite different; at JOYCE a relatively straightforward case for DVS dealiasing is observed, with spectrograms generally
exhibiting smooth transitions in DVS shape (i.e., changes in hydrometeor population) with height. In contrast, the cloud regime
selected at AGORA represents a more challenging dealiasing case, characterized by complex spectrograms with multiple hy-
drometeor populations, abrupt transitions with height, and strong attenuation.

RADALIA demonstrates consistent performance under simple spectral conditions. Overall, all evaluated methods are suit-
able for operational applications. The IntB-DF configuration provides the most reliable solution when auxiliary radar obser-
vations are available, whereas IntB-SF offers a robust standalone alternative. Particularly, the standalone approaches based
on interpolation, temporal continuity, and range continuity (i.e., IntB-SF, IntB-SFT, and IterBU, respectively) achieved near
perfect agreement with the IntB-DF reference approach (98.6 % to 99.6 %).

Under more complex spectral conditions, all methods still achieved success rates above 70 %. The obtained success rates in
these challenging scenarios, characterized by strong attenuation and the coexistence of multiple hydrometeor populations with
distinct fall velocities, still remain quite promising. These findings highlight the importance of accurately dealiasing complex
spectra, of which depends on cloud microphysics, dynamics, and detection limitations, and underline the need for careful
method selection when extending the analysis to larger and more diverse datasets.

Among the tested approaches, IterBU is particularly promising for implementation in ACTRIS cloud target classification
due to its computational efficiency and significantly faster processing, whereas the IntB methods provide a more configurable
framework, offering quality-control information and reliability estimates that allow expert users to fine-tune the dealiasing
process and adapt it to different observational scenarios. The encouraging results obtained in this study support the ongoing
implementation of RADALIA within the Cloudnet processing chain, with the potential to enhance the quality and reliability of
cloud radar Doppler products.

Beyond cloud-radar processing itself, RADALIA has the potential to support calibration and validation of satellite-based
observations. By correcting aliased Doppler velocity spectra and improving the retrieval of Doppler moments, the algorithm
can contribute to more accurate comparisons between ground-based and spaceborne radar observations. Furthermore, cor-
rectly dealiased data facilitate the application of spectral peak separation techniques (Vogl et al., 2024), allowing the retrieval

of Doppler moments and polarimetric variables associated with distinct hydrometeor populations. This capability opens new
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opportunities for investigating cloud microphysical processes and improving the characterization of mixed-phase and precipi-
tating clouds.

In the light of the findings presented in this paper, RADALIA has the potential to enhance higher level cloud-radar products
by improving the quality of the DVS, thereby reducing the uncertainties in hydrometeor classification, microphysical retrievals
and cloud statistics. Future work should focus on extending its applicability beyond RPG-FMCW systems to other cloud radar
systems, including MIRA radars, and on conducting comprehensive validation studies using large and diverse datasets available
through Cloudnet. Future developments should also address the adaptation of the methodology to scanning radar observations,

thereby broadening its applicability to a wider range of operational and research cloud radar networks.

Code and data availability. The Cloudnet data used in this study are provided by the ACTRIS Cloud Remote Sensing Data Centre Unit
(Cloudnet-CLU), Finnish Meteorological Institute (FMI). The data are available under a CC BY 4.0 licence via the ACTRIS Cloudnet portal:
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