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Abstract
Prediction of winter precipitation is challenging because besides its amount also its variable phase might have
a strong impact on people, transportation, and infrastructure in general. We combine a bulk microphysics
numerical weather prediction with a 1D spectral bin microphysical model, which explicitely treats the
processes of melting, ice nucleation and refreezing as a first step towards a potential nowcasting application.
Polarimetric weather radar observations from the German national meteorological service (DWD) are used to
evaluate the approach. The potential of the strategy is demonstrated by its application to the black ice event
occurring in Berlin, Germany, on 20 January 2014. The methodology is able to clearly identify the classical
mechanism leading to freezing rain at the surface, which might be exploited in future nowcasting algorithms.
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1 Introduction

The prediction of the location of the rain/snow bound-
ary at the surface, i.e. the transitional area at the surface
where pure rain changes to pure snow, and its progres-
sion in time are important information for the public,
transportation, and the management of infrastructure in
general as well as the knowledge on where and when the
occurrence of freezing rain at a surface changes to ice
pellets or vice versa. The accumulation of rain freezing
on contact with the surface over time can cause – beside
the obvious effects of slippery roads and runways –
extensive damage to trees and power lines, because the
weight of the ice may exceed their loading capacity, or
to aircrafts by weight increase and changing their wing
profiles during landing at or departing from an airport.

Especially the occurrence of freezing rain or ice pel-
lets at the surface depends on minor changes in the ver-
tical thermodynamic profile which the individual hydro-
meteors experience. Fig. 1 shows median vertical pro-
files of temperature associated with freezing rain and ice
pellets based on a 10-year record of soundings at a num-
ber of U.S. locations, where surface temperature was
lingering around 0 °C and transitional winter precipita-
tion of various types was observed and well documented
(Reeves et al., 2014; Ryzhkov et al., 2014a). Obviously
the profiles related to freezing rain and ice pellets are al-
most indistinguishable near the surface and the maximal
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Figure 1: Median low altitude profiles of temperature for freezing
rain (FZRA) and ice pellets (PL). This figure is adapted from Fig. 1
in Ryzhkov et al. (2014a).

temperature difference between them is only about 2 °C
in the melting layer.

The accurate modeling of the processes related to the
phase of hydrometeors at the surface requires the ac-
tual particle size distribution and so-called bin models
in order to be able to follow the fate of individual par-
ticles from the generation region through the changing
environment when they fall towards the ground. Cur-
rent numerical weather prediction (NWP) models, how-
ever, still have to use bulk microphysics schemes for
the simulation of microphysical cloud and precipitation
processes, which represent the particle size distributions
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usually by only one moment (usually the slope of an ex-
ponential function) or two moments at best, partly be-
cause of IT constraints.

One major deficiency of bulk microphysics is an in-
adequate treatment of melting and refreezing of hydrom-
eteors. Even the most sophisticated models use primarily
the vertical thermodynamic profiles to identify “warm”
atmospheric layers where the melting of snowflakes oc-
curs and “cold” layers where completely or partially
melted snowflakes undergo refreezing (Thompson et al.,
2004, 2006; Milbrandt and Yau, 2005; Morrison
et al., 2015). However, the degree of melting/refreezing
crucially depends also on the residence time of the par-
ticles in such layers, which may vary dramatically de-
pending on their fall velocity, which in turn is a strong
function of particle size, density, shape, and phase com-
position. Models using bulk microphysics essentially ig-
nore such dependencies.

The most common atmospheric stratification favor-
ing freezing rain and/or ice pellets/sleet is a temperature
inversion with above-freezing temperatures above a sub-
freezing temperature layer beneath which reaches down
to the surface. Note, that there are different meanings of
the word “sleet” in the U.S.A. and Europe. In the U.S.A.,
this term refers to ice pellets (Stewart et al., 2015),
while in Europe “sleet” describes partially melted and
rimed hydrometeors. Since a methodology developed in
the U.S.A. is applied in this analysis, their definition is
used in the following. Snowflakes may melt completely
or partially in the elevated melting layer and poten-
tially refreeze in the subfreezing surface layer. Partially
melted snowflakes will start refreezing while encounter-
ing the subfreezing layer; completely melted snowflakes
(rain or drizzle particles), however, may just become su-
percooled because ice nucleation requires colder tem-
peratures to activate the ice nuclei inside the drops. In
the latter case the supercooled drops will freeze on im-
pact with the surface, power lines, tree branches, or
airplanes flying at low altitudes in airport terminal ar-
eas causing dangerous icing (e.g., Stewart et al., 2015;
Bernstein et al., 2000; Keis, 2015). If raindrops com-
pletely refreeze in the subfreezing layer, harmless ice
pellets will fall on the ground. Freezing rain can develop
either through the described classical cold cloud pro-
cesses or by supercooled warm-rain processes (Rauber
et al., 2000). In the latter situation water vapor may con-
dense into drizzle-size liquid particles at subfreezing
air temperatures, which will not freeze at temperatures
above −5 –−6 °C because ice nucleation might be com-
pletely missing. Since the classical process involves a
warm layer aloft where snowflakes melt and thus pro-
duce a melting layer, these situations might be easily de-
tected with polarimetric radars; the latter situation, how-
ever, will not show similar distinct signals. The different
behavior of completely and partly melted hydromete-
ors in subfreezing layers is ignored in operational NWP
models such as COSMO-DE or RAP and HRRR (Doms
and Schättler, 2002; Baldauf et al., 2011; Benjamin
et al., 2016).

Due to their area-covering, high-resolution observa-
tions weather radars allow for an appropriate sampling
of the typically short system lifetimes caused by the of-
ten convective nature of precipitation processes also at
winter time. Since whole system evolutions are moni-
tored, also nowcasting and short-term predictions up to
several hours are possible, which still outperform NWP
due to uncertainties in the required initial state (Lin
et al., 2005) and time constraints. Moreover, the multi-
dimensional signatures of the polarimetric moments ZH,
ZDR, KDP, and ρHV (explanations see below) may serve
as proxies for many microphysical processes (Trömel
and Simmer, 2012) and can help to distinguish between
different precipitation types, and to identify transition
zones between types and thus also improve quantitative
precipitation estimation (Zrnić and Ryzhkov, 1999).

Polarimetric observations are increasingly becom-
ing available operationally; examples are the dual-
polarization upgrade of the German national meteoro-
logical service (DWD) C-band radar network and the
upgrade of the United States National Weather Ser-
vice (NWS) Weather Surveillance Radar 1988 Doppler
(WSR-88D) network. In dry aggregated snow, both the
specific differential phase KDP (the range derivative in
phase difference between the horizontally, H, and the
vertically polarized part, V, of the reflected signal) and
the differential reflectivity ZDR(the intensity difference
of the reflected H and V polarized signals) are both small
and almost independent of radar reflectivity ZH, while in
rain both KDP and ZDR increase with ZH and the cross-
correlation coefficient ρHV (correlation between H and
V polarized reflected signals over a temporal sample) is
close to one (Ryzhkov and Zrnić, 1998). Since ice pel-
lets show no correlation between ZDR and ZH, the exis-
tence of such a correlation close to the surface excludes
ice pellets. Wet snow, which marks the transition from
dry snow to rain, is characterized by high ZH, ZDR KDP,
and low ρHV (the latter due to an increase in particle
diversity and resonance effects) similar to the melting
layer or bright band signature aloft in stratiform precip-
itation, where snowflakes transform into raindrops.

These well-known signals have already been cast
into various hydrometeor typing schemes by many na-
tional weather services. E.g. DWD develops a 10-type
fuzzy-logic hydrometeor typing (Hymec) for its C-band
radar network following Park et al. (2009), which is
also the basis of the hydrometeor classification algo-
rithm (HCA) applied to S-band WSR-88D radars in
the U.S.A. Both algorithms use trapezoidal membership
functions, which quantify the probability of hydrome-
teor types; sounding or NWP information (as in Hymec)
of the thermodynamic state of the atmosphere help to
improve the typing.

Elmore (2011) and Frech and Steinert (2015)
found an insufficient performance of HCA and Hymec,
respectively, for winter precipitation because refreezing
below the bright band was not considered. According to
Kumjian et al. (2013) and Ryzhkov et al. (2014a) ice
pellets produced by refreezing in winter storms show
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sharp peaks in the ZDR and KDP vertical profiles where
ice nucleation with subsequent freezing starts. Preferen-
tial freezing of small drops and local ice generation are
suggested as plausible mechanisms for this signature,
which is suggested to diagnose the transition between
freezing rain and ice pellets.

Ryzhkov et al. (2014a) suggested a so-called “back-
ground classifier” (SBC) for different surface precipi-
tation types based on available thermodynamic profiles
and polarimetric observations. Both are fed into a 1D
spectral bin microphysical model, which produces hy-
drometeor profiles including phase, type and precipita-
tion intensity and allows discriminating between rain
(RA), snow (SN), freezing rain (FZRA), and ice pel-
lets/sleet (PL) near the surface. Besides the thermody-
namic profile, initial particle size distributions (PSDs)
of snowflakes including their degree of riming above the
melting layer are required, but can be estimated based
on polarimetric radar measurements (see Sec. 2).

According to Reeves et al. (2014) the precipitation
type algorithms published by Ramer (1993), Bald-
win et al. (1994), Bourgouin (2000), Schuur et al.
(2012) and Ryzhkov et al. (2014a) reliably distinguish
between snow and rain, but mostly fail regarding the
distinction between freezing rain (FZRA) and ice pel-
lets (PL) because of faulty assumptions about features
separating wet bulb temperature Tw profiles for FZRA
and PL. The scheme by Ryzhkov et al. (2014a), which
explicitly treats melting and refreezing, showed the best
performance in the intercomparison, and was also able
to reproduce a realistic refreezing signature in simu-
lated polarimetric radar data based on the output of the
scheme.

Recently, Reeves et al. (2016) developed an aug-
mented version of SBC with snow subdivided into dry
and wet snow (SN and RASN) and the mixture of FZRA
and PL as a separate class (FZRAPL). The study also
addresses the uncertainties related to the variability of
the refreezing (ice nucleation) temperature, the degree of
riming, the initial size distributions, and the input tem-
perature and humidity profiles.

In this paper we illustrate the potential of the original
version of the SBC for classifying winter precipitation
during the black ice event in Berlin happening on 20 Jan-
uary 2014 without prior evaluation and adjustment of
the scheme for the central European weather regimes.
The spectral bin model utilized is simple enough to be
operationally implemented, and it has already demon-
strated its effectiveness for a large number of storms
in comparisons with ground truth as shown in Reeves
et al. (2016). The probably most sophisticated cloud
model that is focused on transitional winter precipita-
tion was developed by Theriault and Stewart (2010).
This is a bulk model built on an existing bulk micro-
physics scheme of Milbrand and Yau (2005) with ad-
ditional precipitation categories such as refrozen wet
snow, slush, and ice pellets of two different kinds. As
a bulk model, however, it does not explicitly treat the
variation of the liquid water fraction across the size

spectrum and its dependence on the degree of melting/
refreezing.

Section 2 shortly introduces the one-dimensional
spectral (bin) model for winter precipitation types de-
veloped by Ryzhkov et al. (2014a). In Section 3, we
describe the synoptic setting of the black ice event
in Berlin while Section 4 presents the results of the
methodology when applied to the event. Section 5 con-
cludes with a discussion and perspectives for nowcast-
ing.

2 The spectral bin classifier

The one-dimensional spectral (bin) model simulates the
profiles of mass contents of water and ice in mixed pre-
cipitation for arbitrary vertical thermodynamic profiles
and initial distributions of snowflake size and density
aloft. Predicted are four near-surface precipitation types:
rain (RA), snow (SN), freezing rain (FZRA), and ice
pellets (PL). The model explicitly treats melting, ice
nucleation and refreezing but assumes no interactions
between falling particles such as riming or aggrega-
tion, i.e. one ice particle aloft produces a single (poten-
tially mixed-phase) particle at the surface. Thermody-
namic profiles can be supplied from NWP or soundings.
The initial snowflake size distribution above the melting
layer including their degree of riming must be provided,
e.g. based on polarimetric radar measurements.

The model starts by assuming a distribution of
melted diameters DW of snowflakes at the surface N(Dw)
estimated from the radar reflectivity factor ZH mea-
sured near the surface. In principle, initial PSDs can
be estimated from ZH and ZDR; currently generic rain-
drop size distributions (DSDs) for different values of
ZH obtained from the analysis of a 7-year disdrome-
ter dataset obtained in central Oklahoma (Schuur et al.,
2005) are used. All DSDs were binned into 5 dBZ-wide
ZH classes and for each class a median size distribution
was computed and attributed to the respective ZH obser-
vation (Fig. 2). The corresponding size distribution of
snowflakes above the melting layer is estimated using
particle flux conservation during the snow-to-rain tran-
sition in that melting layer (ML) as specified in Zhang
et al. (2011) assuming a certain degree of snow riming
(Ryzhkov et al., 2014a). The degree of snow riming can
potentially be estimated from ZDR just above the ML or
from backscatter differential phase δ (to be distinguished
from the propagation differential phase change indicated
by KDP) and the circular depolarization ratio CDR (the
ratio of the powers of the co-polar and cross-polar com-
ponents of the reflected signal of a circularly emitted
wave) within the ML (Ryzhkov et al., 2008; Trömel
et al., 2014; Ryzhkov et al., 2014b; Vogel et al., 2015;
Kumjian et al., 2016); but due to the still very exper-
imental state of these developments we here simply
assume unrimed snow aloft and initial snowflake size
distributions corresponding to the average generic rain
DSD for Z = 25 dBZ (lowest curve in Fig. 2). This choice
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Figure 2: Median DSDs for different radar reflectivity classes (num-
bers are the related ZH in dBZ) estimated from a large Oklahoma
dataset. This figure corresponds to Fig. 6 in Ryzhkov et al. (2014a).

is well justified for this particular weather event, as will
be shown in Section 3 (see Reeves et al. (2016) for a
detailed sensitivity study).

The model simulates particle phase transformation
and size evolutions for 80 size bins of snowflakes with
equivalent melted diameters of Dw = 0.05 + jΔDw
( j = 0, . . .79) with bin sizes of ΔDw = 0.1 mm. We as-
sume that the initial density of snowflakes ρs is a func-
tion of their size as specified in Brandes et al. (2007),
and that ρs can not exceed a threshold of 0.5 g cm3. In
our model experiment, initial dry snowflakes are placed
at 3 km height, which is supposed to be at subfreezing
temperatures above the ML or above an elevated warm
layer. We use a height increment of 10 m, hence we need
to determine all relevant variables at 301 height lev-
els down to the surface. For further details of the spec-
tral bin model, we refer to Ryzhkov et al. (2014a) and
Reeves et al. (2016).

3 The 2014 black ice event in Berlin

On 20 January 2014, a freezing rain event occurred
in Berlin and literally paralyzed the German capital
for several hours (daily press, e.g. ZEITonline 2014,
Fülling et al., 2014, Jacobs et al., 2014). An extended
trough was located over central Europe (Fig. 3). Ger-
many was situated right in the center of the trough
in a region with low pressure gradients, where weak
southerly flow prevailed. Near the surface, easterly flow
dominated the northern part of Germany. This easterly
flow resulted from a weak low over the Bavarian for-
est (center pressure around 1000 hPa) and an intense
and cold high pressure zone extending from Finland
to Russia. The continental air mass within that anticy-
clone was dry; the humid air mass located over Ger-
many, however, has been advected from the Mediterra-
neum at the front side of the cyclone over Bavaria. The
concurrence of low altitude cold air from the Scandina-
vian high-pressure system “Benjamin” coming from the

North and higher altitude warmer air from low-pressure
systems in the South caused drizzle in the night – and the
inversion responsible for contact freezing. Since roads
and pavements were at subfreezing temperature the rain
immediately froze into a coat of ice and transformed
them into a skating rink. The Berlin newspaper (Berliner
Zeitung, BZ) reported that 1,182 calls were made to the
emergency services by 1 pm. Fire crews were called to
600 incidents between midnight and 10 am. Black ice
caused chaos on the roads – between 8 am and 9 am the
police was called to 108 traffic accidents in the capital.

DWD distinguishes between simple warnings, warn-
ings due to striking weather and severe weather warn-
ings (DWD, 2015). A warning due to striking weather
was passed first at 8:53 am local time (7:53 UTC), i.e.,
about one hour after the onset of precipitation and a se-
ries of accidents. In the following we will elucidate the
possible reasons for the rather late warning and demon-
strate the potential of dual-polarization radars for icing
condition detection if combined with temperature strat-
ification information and the spectral bin model intro-
duced in Section 2.

4 Application the spectral bin model
and validation with polarimetric
radars

Atmospheric profiles predicted by the NWP model
COSMO (Consortium for Small-scale Modeling, for de-
tails see Doms and Schättler (2002), or Baldauf
et al. (2011) of DWD are used as input for the 1D
bin model in order to evaluate whether its applica-
tion to predicted thermodynamic profiles would have
justified an earlier warning. COSMO is a limited-area
non-hydrostatic model for NWP, and its configuration
COSMO-DE is a particular model setup covering Ger-
many and neighbouring countries with a numerical grid
of 2.8 km horizontal resolution and 50 layers, which are
terrain-following close to the surface and gradually be-
come horizontal with increasing height. The Lin-type
one-moment bulk microphysics scheme simulates five
different hydrometeor classes (cloud drops, cloud ice,
rain, snow, graupel. Lin et al.,1983; Rheinhardt and
Seifert, 2006).

The COSMO-DE simulation was initialized at
06:00 UTC based on the operational analysis and run for
18 hours until 00:00 UTC 21 January 2014. Fig. 4 com-
pares the closest radiosounding from Lindenberg (66 km
to the east of Berlin city center) from 6 UTC with the
predicted COSMO-DE temperature profile at the loca-
tion of the Prötzel radar (52.65° N, 13.86° E, Branden-
burg, to the north-east of Berlin) also at 06:00 UTC.
Observed and modeled profiles compare well and were
typical for the classical freezing rain mechanism. Fig. 5
shows the vertical profiles of mass water fraction pre-
dicted by the 1D spectral bin model for particles with
melted diameters of 1 mm and 3 mm using the observed
(thick lines) and the modeled profiles at 06:00 UT (thin
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Figure 3: The synoptic weather regime over Europe at 00:00 UTC 20 January 2014 as obtained from the analysis of the Global Forecast
System (GFS) model. 500 hPa geopotential height fields (black lines) are overlaid on the surface pressure field (in hPa, white lines), and
colors indicate the relative topography 500 hPa–1000 hPa (Source: www.wetter3.de/Archiv).

Figure 4: Vertical profiles of temperature retrieved from the
COSMO model (thin curve) at the location of the Prötzel radar
(52.65 ° N, 13.86 ° E, NE of Berlin) and sounding in Lindenberg
(thick curve) at 06:00 UTC 20 January 2014.

Figure 5: Vertical profiles of mass water content of particles with
melted diameter of 1 mm (dashed lines) and 3 mm (solid lines) re-
trieved from the SBC model using input from the COSMO model
(thin curves) and sounding in Lindenberg (thick curves) on 20 Jan-
uary 2014 at 06:00 UTC.

www.wetter3.de/Archiv
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lines), respectively. Accordingly, any snowflake with
a melted diameter less than 3 mm would melt com-
pletely below the freezing level for both types of pro-
files. Hence, one can conclude that the warm layer aloft
was sufficiently deep to allow complete melting of all
snowflakes and the cold surface layer beneath was too
warm to activate the ice nuclei in the drops. As a result,
both the observed and predicted atmospheric states sug-
gest high surface icing hazard potential.

DWD probably did not issue any warnings, because
no precipitation was actually predicted by the model. In-
spection of the polarimetric Prötzel radar observations
does, however, indicate precipitation. Its plan position
indicator (PPI, azimuthal scan) at lowest elevation (0.5°)
of ZH at 06:48 UTC (Fig. 6, upper left panel) clearly
shows a precipitation cell approaching the Berlin area
with reflectivities above 20 dBZ. Unfortunately, the area
of interest is not completely montitored by the Prötzel
radar. It was in preoperational mode during that time and
azimuths 233°–246° have been omitted to not disturb the
still operational Berlin radar. However, the Prötzel radar
shows the precipitation cell before and after passing the
blind sector and area-wide precipitation sums can be
provided by the DWD radar network with 17 overlap-
ping radars (compare Fig. 9). The whole PPI scan at
El = 0.5° is below the melting level in a layer of sub-
freezing temperatures. Raindrops show an increase in
oblateness with increasing equivolume diameter. Thus,
the increase in ZH with increasing size of the raindrops
and the increase in ZDR with increasing oblateness re-
sults in a positive correlation between ZH and ZDR for
raindrops. The positive correlation between ZH and ZDR,
visible in Fig. 6, indicates rain (below freezing temper-
atures!) as the dominant precipitation type. The areas of
highest ZH are at the same time the areas with the high-
est ZDR values. Since ice pellets show no correlation be-
tween both radar variables, the existence of such a corre-
lation close to the surface excludes ice pellets. The PPI
at 8.0° (Fig. 7) clearly identifies the melting layer by the
ring-like structure of enhanced ZDR. Again, ice pellets
can be excluded because no refreezing signature is evi-
dent in the ZDR field, which would in that case show up
as a second or “fake bright band” closer to the radar in
the PPI of ZDR, but also of KDP and ρHV (Kumjian et al.,
2013;, Ryzhkov et al., 2014a).

Also, the quasi-vertical profiles (QVPs) of the radar
variables unambiguously indicate the melting layer in
ρhv and ZDR at about 1.4 km above the ground (Fig. 8)
and display the positive correlation between ZDR and ZH
below the melting layer, which is indicative of freez-
ing rain taking the subfreezing temperatures into ac-
count. QVPs are obtained by azimuthal averaging of the
radar data at higher antenna elevation angles (12° ele-
vation in this case) in order to reduce statistical errors.
Trömel et al. (2014) first used QVPs to reliably estimate
backscatter differential phase δ. Ryzhkov et al. (2016)
further expanded the QVP methodology and demon-
strated amongst others its benefits to monitor the height
of the melting layer and to detect of microphysical pro-

cesses (see also Xie et al., 2016). Operational weather
radars usually do not perform genuine high-resolution
range height indicator scans (RHI, scans at different el-
evations but constant azimuth) and reconstructed RHIs
derived from PPIs at different elevations are often hard
to interpret due to their low spatial resolution and nois-
iness. QVPs are easy to generate operationally and pro-
vide much more reliable information about the existence
of a melting layer and potential refreezing signatures.
QVPs are also potentially instrumental for the detec-
tion of supercooled liquid water at high altitudes, which
may produce icing hazards for aviation (Ryzhkov et al.,
2016; Trömel et al., accepted; Xie et al., 2016). Like the
PPIs also the QVPs prove in the Berlin black ice event
the positive correlation between ZDR and ZH below the
melting layer, which is indicative of liquid rain (at sub-
freezing temperatures).

While the COSMO-model did not forecast signif-
icant rainfall, the radar-derived precipitation estimates
clearly show considerable precipitation (Fig. 9), which –
given the polarimetric signatures discussed above – has
the potential to produce hazardous freezing rain be-
tween 07:00 and 08:00 UTC. The radar-derived pre-
cipitation rates are based on the terrain-following pre-
cipitaton scans of the German radar network (17 sites)
available every five minutes. Measured reflectivities are
transferred into precipitation rates using five different
z-R relations (where z indicates linear reflectivities at
horizontal polarization in mm m−3 and R the rain rate
in mm h−1) distinguishing between stratiform, convec-
tive and hail cases. The radar product shows up to 4 mm
of rain over the northeast of Berlin. Between 08:00 and
09:00 UTC also the Berlin area obtained precipitation
totals up to 3 mm. Compared to the forecast (Fig. 9),
the COSMO-DE analysis (after the assimilation of radar
data) shows a tendency towards more area-wide precipi-
tation in the Berlin area (Fig. 10). However, only hourly
precipitation sums below 0.5 mm during the time period
considered are indicated, which is probably not suffi-
cient for a freezing rain hazard.

The radiosounding from Lindenberg at 06:00 UTC
and the COSMO forecasts for the morning precipitation
hours show no clear drop below −5 °C in the cold layer
near the surface. The algorithm by Reeves et al. (2016)
includes the temperature Tice at which ice nucleation of
supercooled raindrops occurs as an adaptable parame-
ter. They also show that the best correspondence be-
tween the SBC model output and surface observations
is achieved if Tice is within the −5 °C –−6 °C interval.
Note that this parameter needs in-depth evaluation and
adjustment for the central European weather regimes be-
fore a potential future implementation.

In the radiosounding at Lindenberg the minimum
temperature within the cold layer near the surface (ap-
prox. 400 m above MSL) showed −5.1 °C, −5.5 °C,
−6.5 °C, and again −6.5 °C at 06:00 UTC, 12:00 UTC,
18:00 UTC 20 January and 00:00 UTC 21 January 2014,
respectively. Since the radar data showed a weak re-
freezing signature around midnight, we speculate that a
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Figure 6: PPIs of ZH, ZDR, and ρHV observed at elevation angle 0.5° at 06:48 UTC during the black ice storm with the Prötzel radar
(52.65° N, 13.86° E, NE of Berlin) on 20 January 2014.

transition towards ice pellets occurred during the night.
However, an earlier transition around 18:00 UTC 20 Jan-
uary is also possible but during that time no significant
radar echoes have been observed close to the Prötzel
radar at low elevations, which, is mandatory to identify
a refreezing signature at heights around 400 m.

Fig. 11 compares the closest radiosounding from
Lindenberg at 00:00 UTC 21 January 2014 with the pre-
dicted COSMO-DE profile at the location of the Prötzel
radar at the same time. Again, observed and modeled
profiles compare well with a cold layer at temperatures
around Tice. Fig. 12 shows the respective vertical pro-
files of mass water fraction predicted by the 1D spec-

tral bin model for particles with melted diameters of
1 mm and 3 mm using the observed (thick lines) and the
modeled profiles at 00:00 UTC (thin lines), respectively.
For snowflakes with melted diameters of 1 mm again
the warm layer is sufficiently deep to allow for a com-
plete melting but in contrast to the SBC model output
for 06:00 UTC (Fig. 5), the cold surface layer beneath is
now cold enough to activate ice nuclei in supercooled
drops so that ice pellets may form. Snowflakes with
melted diameters of 3 mm, however, would not melt
completely in the warm layer and in the cold layer be-
low the SBC model shows a partial (mass water fraction
around 0.4) and complete (mass water fraction = 0) re-
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Figure 7: Same as in Fig. 6 but at elevation angle 8.0°.

freezing for the modelled and observed thermodynamic
profiles, respectively.

The refreezing process is actually visible, at least for
educated eyes, in the PPI of ZDR measured at 3.5° eleva-
tion at 23:56 UTC 20 January 2014 (Fig. 13). It is also
interesting to note that ZDR reaches magnitudes around
4 dB in the ML indicating high-density, non-aggregated
crystals with large aspect ratios (Schuur et al., 2014).
In order to make also the refreezing signature more visi-
ble, Fig. 14 shows QVPs of ZH, ZDR, and ρHV, this time
based only on the one PPI shown in Fig. 13 and only
on azimuths 1° – 45° with the most pronounced sig-
nature included. The refreezing signature is most pro-

nounced in ZDR. The “fake bright band” is detected at
around 500 m height, which is consistent with the height
of the cold layer in the vertical profile (bottom right
panel in Fig. 13 or Fig. 11). Fig. 14 also reveals, despite
reduced signal to noise ratio, for refreezing the charac-
teristic decrease in ZH and ρHV at around 500 m height.
During the freezing rain episode in the morning hours,
the emphasized absence of the refreezing signature con-
firmed that raindrops only have been scanned by the
radar, which did not freeze before reaching the surface.
In the radar scan measured at 23:56 UTC, however, ice
pellets formed above the ground and thus the refreezing
signature is visible in the radar measurements. Quite of-
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Figure 8: Azimuthal averaged quasi-vertical profiles (QVPs) showing ZH, ZDR, and ρHV for the black ice storm between 06:00 and
10:00 UTC. The QVPs are based on the 12° elevation scans of the DWD C band radar in Prötzel, Germany.

ten ice pellets are observed in the transition from freez-
ing rain to snow, like in this case study. Finally, snowfall
was monitored the day after the freezing rain hazard, i.e.
on 21 January 2014 in Berlin and also the radiosound-
ings measured in Lindenberg show the thermodynamic
profiles typical for snow (compare Reeves et al., 2016)
with subfreezing temperatures at all heights.

5 Summary and conclusions

Simulations with a 1D spectral bin microphysical model
in thermodynamic environments taken from both ob-
served and modeled thermodynamic profiles during the
Berlin black ice event in 2014 clearly indicate a high
potential for freezing rain during the morning hours.
The available polarimetric radar observations showed
precipitation, which was, however, not predicted by the

NWP model. The radar observations also did not in-
dicate any signs of refreezing rain in the subfreezing
near-surface air below the melting layer. Thus the syn-
ergetic use of predicted and/or observed thermodynamic
profiles to initiate a spectral bin model results together
with polarimetric radar observations could have been ex-
ploited in a potential warning scheme.

Of course not always situations will be that unam-
biguous, thus we suggest – besides testing the described
approach for a range of conditions – to make the de-
scribed method more robust by feeding ensembles of ini-
tial snow DSDs including potential riming effects esti-
mated from polarimetric observations above the melting
layer to the 1D spectral bin model to achieve a proba-
bilistic pathway to severe winter precipitation hazards.
The full implementation of the 1D model, which explic-
itly treats melting, ice nucleation and refreezing, would
then provide probabilities for at least the four near sur-



156 S. Trömel et al.: Towards nowcasting of winter precipitation Meteorol. Z., 26, 2017

Figure 9: Accumulated surface precipitation sum based on radar observations (top row) and COSMO model output initialized at 6 UTC
(bottom row) between 07:00 and 08:00 UTC (left column) and between 08:00 and 09:00 UTC (right column) for the Berlin area on
20 January 2014.
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Figure 10: Accumulated surface precipitation sum based on COSMO analysis output (including radar data assimilation) between 07:00 and
08:00 UTC (left) and between 8 and 9 UTC (right) for the Berlin area on 20 January 2014.

Figure 11: Same as in Fig. 4 but for 00:00 UTC 21 January 2014.
Vertical profiles of temperature retrieved from the COSMO model
(thin curve) at the location of the Prötzel radar (52.65° N, 13.86° E,
NE of Berlin) and the sounding in Lindenberg (thick curve) for the
same time.

face precipitation types: rain, snow, freezing rain, and
ice pellets. A probabilistic approach is required, because
the difference between the vertical profiles, which lead
to either freezing rain or ice pellets, can be very small as
detailed in the introduction and demonstrated with the
analysis at around 00:00 UTC 21 January 2014. But the
careful exploitation of polarimetric fingerprints could
add confidence to any decision.

Figure 12: Same as in Fig. 5 but for 00:00 UTC 21 January 2014.
Vertical profiles of mass water content of particles with melted
diameter of 1 mm (dashed lines) and 3 mm (solid lines) retrieved
from the SBC model using input from the COSMO model (thin
curves) and sounding in Lindenberg (thick curves) at 00:00 UTC
21 January 2014.

The described methodology, which we applied to the
Berlin black ice event, has been validated already in the
U.S.A. with surface observations using Automated Sur-
face Observing Stations (ASOS) by Reeves et al. (2014,
2016) and crowd-sourcing weather reports from the gen-
eral public via the mPING app for smart phones by El-
more (2014) and Reeves et al. (2016). Reeves et al.
(2016), however, does not connect the SBC with polari-
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Figure 13: PPIs of ZH (left), and ZDR (right) at elevation angle 3.5° at 23:56 UTC 20 January 2014 measured with the Prötzel radar
(52.65° N, 13.86° E, NE of Berlin). The black arrows point to the melting layer and the refreezing signature, respectively.

Figure 14: Quasi-vertical profiles (QVPs) of ZH and ZDR (top row) derived from the 3.5° elevation scan measured at 23:56 UTC 20 January
2014 with the Prötzel radar (displayed in Fig. 13, left panel) via azimuthally averaging of azimuths 1°– 45° and transforming the range
coordinate into height. Additionally, the QVP of ρHV, derived from the same scan, and the vertical temperature profile from the sounding in
Lindenberg for 00.00 UTC 21 January 2014 are shown (bottom row). The temperature profile already shown in Fig. 11 is reproduced for a
direct comparison with the polarimetric variables.
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metric radar observations. The case study presented is
the first demonstrating the consistency of the SBC out-
put with radar observations and the idea of exploiting the
relationship between ZH and ZDR as well as the refreez-
ing signature for diagnostics and nowcasting. The analy-
sis can be considered as an independent validation of the
SBC performance in the European climate regime. Es-
pecially the confirmation of the refreezing temperature
threshold of −6 °C, which was a debatable issue among
cloud physicists for long time, is of great value.

Events like the described one are – fortunately –
rare, and thus pose a challenging validation problem
for our nowcasting approach. It needs to be shown,
whether available disdrometer measurements from the
DWD network will satisfy these requirements. The de-
velopment of a crowd-sourcing app similar to mPing
to enhance surface observations for all kinds of se-
vere weather is already underway in Europe, which
will strengthen the European Severe Weather Data Base
(ESWD, http://www.eswd.eu/) and would provide a
valuable data source for the method.
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