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ABSTRACT: The Sonnblick observatory is the highest observatory in Austria located on the peak of Rauriser 
Sonnblick at 3’106 m.s.l.. It is operated by Geosphere Austria, the national meteorological service of Austria. 
The observatory is equipped with a vast amount of measurement devices, related to meteorology, gases, 
aerosols and others. In addition to automated measurements, on-site observers deliver information about cur-
rent snow and precipitation conditions on an hourly basis. Through this unique setup, we can explore possibil-
ities in using long-term surveillance data from the observatory to forecast the type of precipitation particles 
reaching the snow surface and further test prospects to utilize the data in avalanche forecasting. As snow and 
ice is sensible to changes in temperature, humidity, evaporation and wind, the structure of the precipitation 
particles are expected to change within the cloud, in the atmosphere and from the moment they reach the 
snow surface. However, pictures of particles from the Observatory show that ice particles in clouds form distinct 
shapes such as dendrites, plates or needles, resembling new snow formations but at a smaller scale. Based 
on this observation, our research objective focuses on determining the extent to which ice formations in clouds 
provide structural information of precipitation particles reaching the snow surface. To investigate this objective, 
structural information of particles in a cloud are recorded using a measurement device (SwisensPoleno Jupiter) 
that provides holographic images. By comparing this information to standardized weather data and snow sur-
face information from Sonnblick observers, we aim to test the predictability of precipitation particles from cloud 
particles. As a further step, the correlation between the well-accepted Nakaya snow crystal morphology dia-
gram and cloud particles is assessed. In contrast to precipitation particles on the ground, particles in clouds 
are detected in a semi-automatic way at the Sonnblick Observatory. Therefore, knowledge about correlations 
between the original state of precipitation particles and their condition when they fall from the cloud can open 
up further research questions. A better understanding of new snow formations can be of benefit for avalanche 
forecasting as varying sizes and shapes of precipitation particles have a significant effect on the reactivity and 
duration of storm snow instabilities. With this case study we want to open up a discussion on further possible 
applications and analysis of the data in the field of snow metamorphism and avalanche forecasting. 
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1. INTRODUCTION 

Crystal growth is a captivating and complex phenom-
enon that has been the subject of extensive investi-
gation through both experimental studies (Nakaya, 
1954; Libbrecht, 2005; Furukawa, 2015) and compu-
tational simulations (Reiter, 2005; Gravner and 
Griffeath, 2009; Barrett et. al., 2012; Demange, 
2017). Over time, researchers have gained signifi-
cant insights into the mechanisms and stages of 
crystal formation. It is therefore known that the pro-
cess of crystal growth typically initiates with the for-
mation of hexagonal prisms. These hexagonal 
prisms serve as the foundational structures from 
which diverse crystal shapes can develop, depend-
ing on the surrounding environmental conditions 
such as temperature, humidity, and supersaturation 
(Libbrecht, 2001). 

The transition from simple hexagonal prisms to den-
dritic structures is of particular interest. Under atmos-
pheric conditions, this transition generally occurs as 
the crystals increase in size. Specifically, it has been 
observed that up to a size of approximately 100 µm 

in diameter, the crystals predominantly remain in the 
form of hexagonal prisms (Libbrecht, 2005). Beyond 
this size threshold, the crystal growth can diverge 
into more complex morphologies, including dendritic 
patterns.  

The final forms of snow crystals can be systemati-
cally categorized based on their distinct shapes, as 
outlined by Magono and Lee (1966). These shapes, 
which include plates, columns, needles, and den-
drites, among others, result from the specific environ-
mental conditions present during their formation. The 
well-known Nakaya morphology diagram, first intro-
duced by Nakaya (1954) and further expanded upon 
by Kobayashi (1961) provides a detailed representa-
tion of how ambient atmospheric conditions—partic-
ularly temperature and supersaturation—directly in-
fluence the development of these different snow 
crystal shapes. This diagram not only highlights the 
sensitive connection between environmental varia-
bles and snow crystal morphology but also serves as 
a fundamental tool in the study of crystallography and 
meteorology, offering insights into the predictable 
patterns that govern snowflake formation. 
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In this study, we observe both the formation and pre-
cipitation of crystals, categorize crystal forms, and 
compare our observations with the monitored tem-
perature, humidity, and supersaturation levels to de-
termine whether the resulting crystal morphologies 
align with those described in the Nakaya diagram. 
Through this comparison, we aim to gain a deeper 
understanding of the relationship between atmos-
pheric conditions and snow crystal formation, ulti-
mately confirming or refining the accuracy of the Na-
kaya diagram. 

2. MEASURING SITE AND METHOD 

The Sonnblick Observatory (SBO), a premier climate 
and environmental research station operated by 
GeoSphere Austria, is positioned atop Rauriser 
Sonnblick at 3,106 meters above sea level. It hosts 
the ACTRIS European Center for Cloud Ambient 
Intercomparison (ECCINT), making it a critical hub 
for advanced atmospheric research. The SBO 
conducts extensive 24/7 monitoring in the 
atmosphere, cryosphere and biosphere which, in 
combination with ECCINT, now enables new 
analytical approaches in the field of precipitation and 
deposition linked to snow and avalanche conditions. 
Due to its high altitude location, the observatory is 
frequently enveloped in clouds. This setup provides 
a unique and invaluable opportunity to study the 
minute details of ice particle formation and growth 
within clouds, as well as the subsequent 
precipitation. 

A key instrument used in this study is the SwisensPo-
leno Jupiter (Sauvageat et al., 2020), a sophisticated 
measurement device that is frequently deployed for 
the monitoring of pollen. The SwisensPoleno Jupiter 

instrument employs holographic imaging technology 
to capture detailed images of single particles that are 
drawn into its measuring chamber. For each particle 
two holographic images are obtained from perpen-
dicular perspectives. The instrument samples air at 
40 l/min and detects particles within the size range of 
0.5 to 200 µm. It is protected within a weatherproof 
housing and installed outside at the Sonnblick meas-
uring platform. 

In our case study, images taken by the SwisensPo-
leno Jupiter were utilized to examine the smallest ice 
particles that were still in the process of growing 
within a cloud. At the same time, visual observations 
were made of snow freshly fallen from the cloud onto 
a crystal screen. The data collection spanned four 
days, with observations divided into eight distinct pe-
riods. The holographic images are classified accord-
ing to the Magono-Lee classification, the visual ob-
servations are assigned to the standard crystal forms 
(needles, plates, dendrites). This methodical ap-
proach allowed for a comprehensive analysis of the 
ice particles and the environmental conditions under 
which they formed. 

3. RESULTS 

Examples of the holographic images captured by the 
SwisensPoleno Jupiter are presented in Figure 1. A 
significant portion of the automatically recorded data 
comprised fine water droplets (as expected for 
mixed-phase clouds typically occurring at Sonnblick 
outside of summer), which were easily filtered out 
due to their relative small size (typically less than 20 
µm in diameter) and spherical shape. The remaining 
images contained a variety of ice crystal shapes, 
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Figure 1: Examples of holographic images of ice crystals taken by SwisensPoleno Jupiter. 1-4: columns and 
needles, 4-6: column plates, 7-13: different forms of hexagonal plates, 14-19: mixed forms, 20: water droplet 
for comparison.

such as heavily sleeted crystals, different types of 
hexagonal plates needles and mixed forms (see Fig-
ure 1). 

To analyze the distribution of crystal shapes, the pho-
tos were classified using the Magono-Lee classifica-
tion (Magono and Lee, 1966). Most of the crystals 
shapes found were those with the names shown in 
Table 1. 

Table 1: Most commonly observed crystal forms ac-
cording to Magono and Lee (1966). 

Nomenclature Characteristics 

N1a Elementary needle 

C1f Hollow column 

P1a Hexagonal plate 

P1b Sector plate 

P1c Broad branch 

CP1a Column with plates 

 

From the dataset, only those shapes that were 
clearly identifiable were selected for classification, 
ensuring accuracy and precision in the results. Thus, 
out of the initial pool of 3,507 pre-filtered holographic 
images, 967 were successfully classified into specific 
crystal categories. The details of this classification, 
broken down by time slot, are summarized in Table 
2. The study revealed a notable distribution of crystal 
shapes across the different observation days. A par-
ticularly striking difference was observed between 
the days at the end of March and those in mid-April, 
both in terms of the types of crystals recorded and 
the percentage of holographic images that could be 
classified. 

During the early days of March, the predominant 
snow crystal formations observed were needles and 
columns. In April, different meteorological conditions 
prevailed, and the crystal formations transitioned no-
tably to columns and plates (see Figure 2). This 
change in crystal types reflects the natural response 
of crystal growth processes to the evolving environ-
mental conditions. 
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Table 2: Timeslots with amount of observations and 
according classification. 

No. Timeslot 

(UTC) 

Total after 

automatic 

filtering 

classifi-

cations 

pro-

portion 

[%] 

0 27.03. 

11:00-12:00 

134 2 1.5 

1 27.03. 

12:00-16:30 

358 5 1.4 

2 29.03. 

10:35-10:55  

256 1 0.4 

3 29.03. 

14:55-15:15  

78 1 1.3 

4 20.04.   

7:40-8:10  

230 85 37.0 

5 20.04. 

12:10-12:40  

682 290 42.5 

6 25.04. 

11:15-11:35  

389 45 11.6 

7 25.04. 

12:10-12:30  

1380 538 39.0 

 total 3507 967 27.6 

 

 
Figure 2: Distribution of snow crystal shapes during 
the observation time. For each time slot the three 
most common crystal shapes are shown, less fre-
quent shapes are grouped under ‚other‘.  

Figure 3 and Figure 4 illustrate the differences in the 
meteorological conditions, showing that tempera-
tures were at least 2°C higher on the days in March 
compared to those in April, and the relative humidity 
was approximately 5% higher. According to the Na-
kaya snow crystal morphology diagram (Nakaya, 
1954), which predicts crystal morphology based on 
temperature and supersaturation, these temperature 
and humidity ranges suggest that the precipitation 
particles observed in March were more likely to form 
as needles or columns. Conversely, in April, the 
cooler temperatures and lower humidity were more 
conducive to the formation of columns or solid prisms 

(see Figure 5). The agreement between SwisensPo-
leno Jupiter and the Nakaya diagram is good. For the 
time slots 4 to 7, however, the measurement tends to 
indicate plates, which according to theory tend to oc-
cur at lower temperatures. 

 
Figure 3: Temperature (2m) and dew point tempera-
ture measurement from automatic weather station at 
the Sonnblick Observatory. SwisensPoleno Jupiter 
observation time slots are highlighted in yellow. 
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Figure 4: Relative humidity measurement from auto-
matic weather station at the Sonnblick Observatory. 
Observation time slots are highlighted in yellow. 

 
Figure 5: Meteorological states during the observed 
timeslots. Indicated transitions between plates and 
columns according to the Nakaya diagram (Nakaya, 
1954). 

Moreover, it is important to note that the holographic 
images captured by the SwisensPoleno Jupiter do 
not always correspond perfectly to the visually ob-
served precipitation particles at first glance (see Ta-
ble 3, more detailed comparison can be found in the 
appendix in Table 4). The visual observations of the 
precipitation particles were conducted using a crystal 

screen (see Figure 6). Therefore, the classification is 
coarser. 

Table 3: Comparison of predictions according to Na-
kaya (1954), the SwisensPoleno Jupiter measure-
ments and observations. 

No. Prediction   

(Nakaya 1954) 

Frequent     

crystal forms 

SwisensPoleno 

Jupiter 

Frequent    

crystal forms 

observation 

0 needles,       

columns 

C1f , N1a needles 

1 needles,       

columns 

N1a plates, needles, 

columns  

2 needles,       

columns 

N1a needles,       

columns 

3 needles,       

columns 

C1f sleet, needles 

4 columns, 

prisms 

CP1a, P1c, P1a dendrites 

5 columns, 

prisms 

P1b, P1c, CP1a dendrites 

6 columns, 

prisms 

P1a, P1c, CP1a dendrites 

7 columns, 

prisms 

P1c, CP1a, P1a dendrites 

 

 

 

Figure 6: Examples of precipitation particles obser-
vations on March 27th (above) and April 20th (be-
low). 

Timeslots 0 and 2 align well with observations, show-
ing a predominance of needles. Timeslots 1 and 3 
show partial consistency, with some crystals match-
ing expected forms. However, in Timeslots 4 to 7, a 
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noticeable discrepancy arises: while visual observa-
tions clearly show dendrites, SwisensPoleno Jupiter 
measurements predominantly indicate plates or col-
umns with plates. This discrepancy likely stems from 
the particle sizes measured; smaller particles are 
less likely to develop into fully formed dendrites, 
which typically require larger sizes to manifest. Addi-
tionally, the observed plates were often sector plates 
(P1b) or already showed broad branches (P1c), indi-
cating that plate growth had already become unsta-
ble (see Figure 2). The corners of the plates accumu-
late more water molecules, ultimately leading to a 
dendritic shape (Libbrecht, 2001). 

Nevertheless, the Nakaya diagram also does not 
match these observations, as dendrites typically form 
at temperatures above -4°C or below -10°C, neces-
sitating further investigation. One possible explana-
tion is that the dendrites originated from higher, 
colder air layers. Although the Sonnblick observatory 
was surrounded by clouds at the time, the crystals 
may not have to have formed near the meteorological 
measuring station itself. 

4. DISCUSSION AND OUTLOOK 

In conclusion, the measurements obtained in this 
study are valuable, as they provide simultaneous ex-
amination of ice crystals within clouds and the pre-
cipitation particles, which is crucial for understanding 
crystal morphology under varying atmospheric con-
ditions. The observed mismatch, where the 
SwisensPoleno Jupiter identified plates while visual 
observations showed dendrites, can be attributed to 
the subtle transitions between crystal forms—such 
as sector plates evolving into dendrites as they grow 
in size—which may not be fully captured by the 
measurement device due to the inlet geometry. To 
overcome these discrepancies, future studies could 
combine the Poleno measurements with more re-
fined visual analysis techniques or use additional im-
aging technologies that can capture a wider range of 
crystal sizes and forms. 

The holographic images of in-cloud particles align 
well with the Nakaya morphology diagram, affirming 
its accuracy. Nevertheless, the discrepancy with vis-
ual observations calls for further investigation.  

The crystal shapes identified by the Nakaya diagram 
are not only visually distinctive but have significant 
implications for snowpack properties. Despite the 
spatial variability of meteorological conditions, this in-
formation is crucial. Near weather stations, one can 
estimate the crystal shapes that are likely to form. 
This information can then be incorporated into ava-
lanche forecasts. For example, if the environmental 
conditions suggest the formation of plate-like crys-
tals, developing non-persistent weak layers are more 
prone to collapse compared to other conditions and 
snow crystals (Bair et al. 2012). 
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APPENDIX 

Table 4: Timeslots with corresponding crystal types, exemplary holographic image and visual observations. 

No. Timeslot Frequent crystal types 

SwisensPoleno  

Exemplary holographic 

image 

Frequent crystal typess observation Visual observation 

0 27.03.  

11-12 UTC 

C1f , N1a 

 

needles 

 

1 27.03.  

12-16:30 UTC 

N1a 

 

plates, needles, columns  

 

2 29.03.  

10:35-10:55 UTC 

N1a 

 

needles, columns 

 

3 29.03.  

14:55-15:15 UTC 

C1f 

 

sleet, needles 
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No. Timeslot Frequent crystal forms 

SwisensPoleno  

 Frequent crystal forms observation  

4 20.04.  

7:40-8:10 UTC 

CP1a, P1c, P1a 

 

dendrites 

 

5 20.04.  

12:10-12:40 UTC 

P1b, P1c, CP1a 

 

dendrites 

 

6 25.04.  

11:15-11:35 UTC 

P1a, P1c, CP1a 

 

dendrites 

 

7 25.04.  

12:10-12:30 UTC 

P1c, CP1a, P1a 

 

dendrites 
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