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Cloud and precipitation radars at AWIPEV
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94 GHz cloud radar
(JOYRAD94 or 
MiRAC-A)
06/2016 – 10/2018
06/2019 –
à vertical 

distribution of 
clouds, 
precipitation (up 
to 12 km height)

24 GHz Micro Rain 
Radar (MRR) 
05/2017 –

à verIcal distribuIon 
of precipitaIon in 
lowest 1 km

con:nuous opera:on, 24/7
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What is a radar? (I)NyRAD35 35 GHz cloud radar
(NYRAD35)
10/2021 – 03/2024
02/2025 –
à vertical distribution 

of clouds, 
precipitation (up to 
10 km height)

à polarimetric 
variables

à elevation scanning 
capability

à in combination with 
94 GHz cloud radar, 
info on ice habit, 
particle 
concentration and 
sizes

Quicklook browser
h"ps://atmos.meteo.uni-

koeln.de/~hatpro/dataBrowser/dataBrowser3.html?site=Ny-
Alesund&date=0&UpperLeB=Joyrad94-Overview&UpperRight=NyRAD35-

Overview&LowerRight=MRR-IMProToo

https://atmos.meteo.uni-koeln.de/~hatpro/dataBrowser/dataBrowser3.html?site=Ny-Alesund&date=0&UpperLeft=Joyrad94-Overview&UpperRight=NyRAD35-Overview&LowerRight=MRR-IMProToo
https://atmos.meteo.uni-koeln.de/~hatpro/dataBrowser/dataBrowser3.html?site=Ny-Alesund&date=0&UpperLeft=Joyrad94-Overview&UpperRight=NyRAD35-Overview&LowerRight=MRR-IMProToo
https://atmos.meteo.uni-koeln.de/~hatpro/dataBrowser/dataBrowser3.html?site=Ny-Alesund&date=0&UpperLeft=Joyrad94-Overview&UpperRight=NyRAD35-Overview&LowerRight=MRR-IMProToo
https://atmos.meteo.uni-koeln.de/~hatpro/dataBrowser/dataBrowser3.html?site=Ny-Alesund&date=0&UpperLeft=Joyrad94-Overview&UpperRight=NyRAD35-Overview&LowerRight=MRR-IMProToo
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Cloud radar Doppler spectrum
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The Doppler spectrum S(v) is ordinarily regarded as a reflectivity-weighted 
distribution of the radial velocities of the scatterers in the pulse volume

*

* different conventions for pos/neg values
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Cloud radar moments of Doppler spectrum
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0th moment: mean received power

1st moment: mean Doppler velocity

2nd centered moment: variance of
 Doppler velocity

passive 89 GHz channel
à detecCon and amount 
of column liquid water
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Cloudnet products
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temperature and 
humidity profiles from 

NWP model
microwave radiometer 

liquid water path

Illingworth et al. (2007)

∆𝑡=30 s, ∆𝑧=20 m

hKps://cloudnet.fmi.fi
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Cloud occurrence at Ny-Ålesund
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à liquid water in clouds 
frequently occur in winter, 
even at temperatures well 

below 0°C!

adapted/updated from Wendisch et al. (2023)

average monthly cloud occurrence
any cloud 78.2 %
liquid  13.3 %
ice cloud  47.5 %
mixed-phase 41.8 %

Monthly frequency of cloud occurrence at Ny-Ålesund June 2016 - Dec 2023

**
* ** ** *

all clouds ice cloud mixed-phase liquid
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Vertical hydrometeor occurrence
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Monthly frequency of hydrometeor occurrence at Ny-Ålesund June 2016 - Dec 2023

aKenCon: no discriminaCon between cloud and precipitaCon
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Vertical hydrometeor occurrence
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<2km: 50% between 500 – 
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Persistent low-level mixed phase clouds (P-MPCs)

§ Analysis period: June 2016 – October 2018
§ auxiliary information from microwave radiometer, ceilometer, 

radiosondes, reanalysis (à circulation weather type classification)

§ P-MPCs occur 23% of the time, most common in summer (32%)
§ most often during westerly free-tropospheric winds 

9

liquid layer close to 
cloud top, at least 1 h, 
precipitating ice, 
CTH<2.5 km

Gierens et al. (2020)
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Impact of surface coupling state on P-MPCs
§ coupling state from 𝜃-

profile from surface obs, 
MWR, radiosonde

§ 63% of P-MPCs 
decoupled
à particularly in autumn 
and winter (higher lower-
tropospheric stability)

§ 15% coupled
à  higher values in 
summer (~30%)

§ coupled P-MPCs are 
closer to the surface

§ coupled P-MPCs have a 
higher LWP

10

Gierens et al. (2020)
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Precipitation formation in low-level MPCs
§ role of individual ice-growth processes (aggregation, riming,..) still unclear
§ Doppler radar obs. at mutliple wavelength can constrain the microphysical 

processes à particle size, fall speed
How?

11
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Radar reflectivity factor and scattering
§ (Equivalent) Radar reflectivity factor (Ze) is defined in a way that 

Ze is independent of frequency (for Rayleigh scattering! à D ≪ 𝜆)
§ Once λ≈D, resonance effects cause a slower and more complex increase 

of Ze with size

12

§ Transition region of two 
frequencies, with one still in 
the Rayleigh regime and the 
other one not
à information on particle 
size

𝜆! < 𝜆"# < 𝜆$
10 GHz
35 GHz
94 GHz
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Dual-wavelength ratio
§ dual-wavelength ratio DWR (in dB) gives information about mean particle 

size

13
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Appendix A: Examples of DWR Dependence on Particle Size
Figure A1 illustrates examples of DWR dependence on ice particle shape and size. DWR values were computed 
using the scattering database developed by Ori et al. (2021). PSDs are assumed to be inverse exponential, and 
the figure shows the dependency of DWR on the mass median diameter D0. The chosen particle types are: 
unrimed dendrite aggregates, unrimed column and dendrite aggregates, and rimed column and dendrite aggre-
gates. Three values for the degree of riming have been chosen, indicated by the effective LWP (ELWP): 0.1, 0.2, 
and 0.5 kg/m 2. ELWP is defined as the LWP that produces the simulated amount of riming, assuming a riming 
efficiency of 100% (Leinonen et al., 2018; Leinonen & Szyrmer, 2015). The figure shows that DWR is 0 dB 
when D0 is 1 mm for all particle types, it then rapidly increases as D0 increases. It then reaches a saturation value 
between 10 and 11 dB for unrimed and lightly rimed (ELWP = 0.1, 0.2 kg/m 2) aggregates, when D0 is above 
10 mm. The saturation value is higher for higher degrees of riming.

Appendix B: Example of the Calibration Procedure and List of Derived Calibration 
Offsets
Figure B1 shows an example of the calibration procedure described in Section 3.2.1. The figure depicts a monthly 
histogram of DWR for the month of December 2020, before (a) and after (b) applying the calibration procedure. 
Only data observed during calibration events (see Section 3.2.1) are included. The calibration procedure consists 
in determining the mode of the uncalibrated DWR histogram (vertical line in panel a), which is then used as 
monthly offset for the W-band reflectivities. This approach thus relies on the assumption that the peak of the 
distribution is associated with Rayleigh scattering, and the tail on the right side of the peak is associated with 
non-Rayleigh scattering. The offset is then added to all W-band reflectivities, leading to the whole histogram 
being shifted so that its mode is now at 0 dB (panel b, dashed vertical line). The uncertainty on DWR is calculated 
by assuming that all DWR values on the left side of the peak are associated with Rayleigh scattering. The left-side 
standard deviation (i.e., only for calibrated DWR values lower than 0 dB) with respect to the mode is thus taken 
as uncertainty (dash-dotted line in panel b).

All derived monthly offsets for all radar systems are displayed in Table B1.

Figure A1. Calculation of dual-wavelength ratio (DWR) at K-band (24.2 GHz) and W-band (94.0 GHz) for different ice 
particle types, as function of the mass median diameter D0, obtained with the scattering database by Ori et al. (2021). The ice 
particles included are: unrimed dendrite aggregates, unrimed dendrite and column aggregates, and rimed dendrite and column 
aggregates. The degree of riming for the rimed aggregates is indicated by the effective liquid water path (ELWP, see text for 
definition).
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Chellini et al. (2022)

(with ze in linear 
units of mm6/m3)

𝐷𝑊𝑅%!,%" = 𝑍',%! − 𝑍',%"
(with Ze 
in dBZ)

𝜆& > 𝜆'
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à relation between DWR and 
particle size is not unique

à depends on particle shape, 
density, and PSD shape 

à DWR is also enhanced by 
differential attenuation 
which accumulates with 
increasing distance from the 
radar (can be corrected)
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DWR and T in low-level MPCs
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midlatitude clouds, we thus hypothesize that aggregation might play an important role in the formation of the 
high DWR hydrometeors we observe between −15 and −5°C. The region of increasing DWR starting at −15°C 
is likely associated with rapid depositional growth of branched dendritic particles in the DGZ, which subse-
quently aggregate. An increase in DWR associated with enhanced aggregation in the DGZ has been previously 
observed in midlatitude clouds (Barrett et al., 2019; Dias Neto et al., 2019; Lamer et al., 2021; Ori et al., 2020; 
Oue et al., 2021). The presence of high DWR particles at temperatures warmer than −10°C in Figure 3a could 
be simply a result of particles that mainly aggregated in the DGZ and then sedimented to warmer temperatures, 
while continuing to aggregate.

The low fall velocities observed in Figure 3b at temperatures colder than −5°C are not indicative of severe riming 
that could explain the observed DWRs. However, we cannot rule out the possibility of light riming of the larger 
aggregates, as well as smaller rimed particles, as their terminal fall velocities could overlap with the fall velocity 
of larger, unrimed aggregates. Riming has in fact been observed to occur frequently in Arctic MPCs (Fitch & 
Garrett, 2022; McFarquhar et al., 2007; Mioche et al., 2017). However, the MDVs from 72.3% (82.7, 91.6%) of 
the observed echoes are slower than 1.0 m/s (1.2, 1.5 m/s) between −15 and −5°C, which corresponds to a rime 
mass fraction of 0.31 (0.47, 0.65) according to Kneifel and Moisseev (2020). It further appears unlikely that the 
DWR increase at −15°C is mainly driven by riming: first, we are not aware of any evidence that riming prefer-
entially occurs at −15°C. Second, in this temperature regime, the Wegener-Bergeron-Findeisen process has its 
maximum (Korolev & Mazin, 2003) and has been shown to hamper the formation and survival of liquid droplets 
(Silber et al., 2021).

Although the DWRs at temperatures warmer than −5°C decrease back to lower values (median of 2.7 dB between 
−5 and 0°C), the MDVs remain almost constant, close to 1 m/s (median of 1.1 m/s between −5 and 0°C). One 
potential explanation for this signature could be the higher terminal fall velocity of needle particles, which, 
together with columns, preferentially grow at temperatures higher than −10°C by vapor deposition (e.g., Bailey & 
Hallett, 2009). They can reach terminal velocities close to 1 m/s at smaller sizes compared to plate-like particles 

Figure 3. Contoured frequency by temperature diagram (CFTD) of dual-wavelength ratio (DWR; panel a) and mean Doppler 
velocity (MDV; panel b) in the detected mixed-phase cloud events. Panel (c) displays the number of samples available at 
each temperature level. MDV values are only included if Micro Rain Radar (MRR) echoes are available. Bin sizes are: 1 dB, 
0.05 m/s, and 0.5°C.
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increase likely 
due to dendritic 
growth and 
aggregation

typical 2nd 
maximum 
missing

1 dB à 
median 
size < 1 mm

Chellini et al. (2022)

§ 3-year data set
§ enhanced DWR signatures in low-

level MPCs whose mixed-phase layer 
is at temperatures between −15 and 
−10°C 
à enhanced aggregation due to 
mechanical entanglement of ice 
particles with dendritic branches

§ dynamical processes relevant to the 
formation of these larger aggregates 
à Chellini and Kneifel (2024)

Low-level mixed-phase clouds at the high 
ArcIc site of Ny-Ålesund: a comprehensive 
long-term dataset of remote sensing 
observaIons 
Chellini et al. (2023a,b)
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New measurement highlight

15

GRaWAC: G-band Radar for Water Vapor and Arctic Clouds
§ Differential Absorption Radar (DAR)

7
à water vapor 

amount 
below cloud 
base

à vertical 
profile of 
water vapor 
in cloud layer

SchniE et al. (in prepara%on)
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Outlook: campaign activities
Intensive Observation Period: Water Vapor in all its phases IOP4H2O (with 
University of Leipzig), Feb–March 2025, Ny-Ålesund
à 35 GHz (K), 94 GHz (W), and 167/174 GHZ (G) radar
à additional radiosonde launches 

16
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