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Abstract Characteristics of snowfall and snow crystal habits have been investigated in the
campaign of Experiment on Snow Storms At Yeongdong (ESSAY) using radiosonde sound-
ings, Global Navigation Satellite System (GNSS), and a digital camera with a magnifier for
taking a photograph of snowfall crystals. The analysis period is 6 to 14 February 2014, when
the accumulated snowfall amount is 192.8 cm with the longest snowfall duration of 9 days.
The synoptic situations are similar to those of the previous studies such as the Low pressure
system passing by the far South of the Korean peninsula along with the Siberian High extend-
ing to northern Japan, which eventually results in the northeasterly or easterly flows and the
long-lasting snowfall episodes in the Yeongdong region. In general, the ice clouds tended to
exist below around 2~3 km with the consistent easterly flows, and the winds shifted to north-
erly~northwesterly above the clouds layer. The snow crystal habits observed in the ESSAY
campaign were mainly dendrite, consisting of 70% of the entire habits. The rimed habits were
frequently captured when two-layered clouds were observed, probably through the process of
freezing of super-cooled droplets on the ice particles. The homogeneous habit such as dendrite
was shown in case of shallow clouds with its thickness of below 500 m whereas various habits
were captured such as dendrites, rimed dendrites, aggregates of dendrites, plates, rimed plates,
etc in the thick cloud with its thickness greater than 1.5 km. The dendrites appeared to be dom-
inant in the condition of cloud top temperature specifically ranging —12 ~ —16°C. However, the
association of snow crystal habits with temperature and super-saturation in the cloud could not
be examined in the current study. Better understandings of characteristics of snow crystal hab-
its would contribute to preventing breakdown accidents such as a greenhouse destruction and
collapse of a temporary building due to heavy snowfall, and traffic accidents due to snow-slip-
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pery road condition, providing a higher-level weather information of snow quality for skiers
participating in the winter sports, and estimating more accurate snowfall amount, location, and

duration with the fallspeed of solid precipitation.
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Table 1. Summary of primary instrumentation.
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Instrument Measured variables (unit) Manufacturer (Model) Accuracy
T (£0.2°C),
RH ( 2%),
. GRAW (DMF-06) P (£ 1 hPa),
T (°C), WS & 1ms),
RH (%), WD (+2°)
Radiosonde P (hPa), 5
WS (m S_I), T (Zl: 0.5 C),
WD (°) RH (+ 5%),
Jinyang (RGS-20A) P (£ 1 hPa),
WS (x2ms™),
WD (+ 5°)
Ceilometer Cloud base (m) Vaisala (CL51) +1% (5 m)
[Baseline < 30 km]
- Horizontal 3 mm
. - Vertical 4 mm
GNSS PWV (mm) Trimble (NetR9) [Baseline > 30 km]
- Horizontal 4 mm
- Vertical 9 mm
I-phone Snow crystal habits Apple (v5) -
Digital camera Snow crystal habits Canon (650D) -

* GNSS: Global Navigation Satellite system, T: Temperature, RH: Relative Humidity, P: Pressure, WS: Wind Speed, WD:

Wind Direction, PWV: Precipitable Water Vapor.
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Fig. 1. Examples of snow crystals using (a) a canon-camera
with a 5-times magnifier, and (b) an i-phone camera with a
20-times magnifier. The i-phone camera (c) mainly used in
this study and its detailed schematic diagram (d) are shown
as well for the reference.
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Fig. 2. Habit diagrams adapted from (a) Magono and Lee (1966) and (b) Pruppacher and Klett (1997).
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Fig. 3. Images of dominant snow crystal habits taken in the
ESSAY campaign (Clockwise from top left; Aggregates of
Dendrite, Dendrite, Rimed Dendrite, Rimed Plate, Plate,
Graupel).

Table 2. Overall frequency of snow crystal habits mainly
captured in the ESSAY campaign.

Name Percentage (%)

Aggregates of Dendrite 32

Dendrite 27

Rimed Dendrite 10

Graupel 1

Plate

Rimed Plate 1

unknown 26
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Fig. 4. Surface synoptic charts with a moving low pressure
system to the South at 0900 LST (a) 07 (Phase 1), (b) 10
(Phase 2), and (c) 13 Feb (Phase 3) 2014.
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Fig. 5. Time series of precipitation amount (PA) and precipitable water vapor (PWV) from 06 to 14 Feb 2014.
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mixing ratio (g), saturation mixing ratio (g,) at 0900 LST 07
Feb 2014. Images of snow crystal habits are shown in the
bottom during the same period. The length of the white line
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