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Satellite Image Analysis of Low-Level Stratiform Cloud Related
with the Heavy Snowfall Events in the Yeongdong Region
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Abstract An unusual long-period and heavy snowfall occurred in the Yeongdong region
from 6 to 14 February 2014. This event produced snowfall total of 194.8 cm and the record-
breaking 9-day snowfall duration in the 103-year local record at Gangneung. In this study, sat-
ellite-derived cloud-top brightness temperatures from the infrared channel in the atmospheric
window (10 pm~11 pm) are examined to find out the characteristics of clouds related with this
heavy snowfall event. The analysis results reveal that a majority of precipitation is related with
the low-level stratiform clouds whose cloud-top brightness temperatures are distributed from
—15 to —20°C and their standard deviations over the analysis domain (~1,000 km?, 37 satellite
pixels) are less than 2°C. It is also found that in the above temperature range precipitation
intensity tends to increase with colder temperature. When the temperatures are warmer than
—15°C, there is no precipitation or light precipitation. Furthermore this relation is confirmed
from the examination of some other heavy snowfall events and light precipitation events which
are related with the low-level stratiform clouds. This precipitation-brightness temperature rela-
tion may be explained by the combined effect of ice crystal growth processes: the maximum in
dendritic ice-crystal growth occurs at about —15°C and the activation of ice nuclei begins
below temperatures from approximately —7 to —16°C, depending on the composition of the ice
nuclei.
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Fig. 1. Topographic map and location of 5 weather stations (SC: Sokcho, NGN: North Gangneung, GN:
Gangneung, DG: Daegwallyeoung, DH: Donghae) and DH buoy used in this study. A-B line (red) is chosen
to examine the variability of satellite-derived brightness temperature.
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Fig. 2. Distribution of brightness temperature in the selected
area to classify low-level stratiform clouds at 1133 KST 10
February 2014.
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Table 1. Precipitation characteristics of the 4 weather stations in the Yeongdong region for the heavy snowfall events related
with the low-level stratiform cloud.

Maximum total Mean hourly Standard
Period of the e precipitation deviation of hourly =~ Maximum hourly precipitation
o precipitation -1 e . -1
Case No. precipitation (mm hr) precipitation and time (mm hr )
amount (mm) ) . .
event (hr) Jsnowfall (cm) /snowfall (mm hr™) /snowfall and time (cm hr ™)
(em hr™")  /snowfall (cm hr™")
Case | R4 48.0 GN 0.69 0.62 7.5 GN (1500~1800KST 12 Jan.)
11~14 Jan. 2008 /41.1 DG /0.74 /0.84 /5.8 DG (0800KST 12 Jan.)
Case 2 110 96.7 DH 1.07 0.81 5.3 DH (0800KST 12 Feb.)
09~13 Feb. 2010 /103.8 DG /1.36 /1.29 /10.0 DG (0800KST 11 Feb.)
Case 3 114 70.5 NGN 0.77 0.67 4.0 GN (0200KST 10 Mar.)
06~10 Mar. 2010 /87.5 DG /0.81 /0.95 /6.7 DG (0600KST 10 Mar.)
Case 4 69 43.5 NGN 1.02 0.70 3.5 NGN (0500KST 22 Jan.)
21~23 Jan. 2013 /37.7 DG /0.79 /0.62 /2.5 DG (1400KST 21 Jan.)
Case 5 204 185.0 NGN 1.06 1.07 7.5 NGN (1900KST 09 Feb.)
06~14 Feb. 2014 /194.8 NGN /1.11 /1.05 /5.8 NGN (1900KST 09 Feb.)

DG: Daegwallyeoung, GN: Gangneung, NGN: North Gangneung, DH: Donghae.

Table 2. Thermodynamic and dynamic features observed from radiosonde at Sokcho, wind profiler at N. Gangneung and buoy
at Donghae for the heavy snowfall events related with the low-level stratiform cloud.

Sea-Air . .
Stable layer Altitude of drop in temp./ Total
Case No S;;t doélngg Tlgrinﬁl;fgzze bottom Max. value & Altitude of precipitable
’ Jintensity (Sea and air altitude drop in temp (hPa)/ water
femperature) (hPa) (hPa) & (°C 12 hr™") (mm)
Case 1 1.5~2 km 1000~840
1100~1800 KST 12 Jan. 2008 /15~20 kts No data 850 850@-5 152
Case 2 2~2.5km 10.2°C 775 1000~700 o data
0500~2200 KST 12 Feb. 2010  /10~15kts  (9.4°C, -0.8°C) 780@-8
Case 3 2~2.5 km 7.8°C 700 800~650 107
0400~1400 KST 08 Mar. 2010  /5~10 kts (9.5°C, 1.7°C) 700@-4 ’
Case 4 2~2.5km 6.8°C 720 950~690 79
0700~2200 KST 22 Jan. 2013 /10~15kts  (11.4°C, 4.6°C) 800@-4 ’
Case 5
2~2.5km 9.1°C 1000~740
1200 KST 0900~1300 KST 0 0 700 6.1
10 Feb. 2014 /10~20kts  (10.4°C, 1.3°C) 840@-3
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Fig. 3. 500 hPa weather chart at 0900 KST 10 February 2014.
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Fig. 5. Skew T-log P chart from Sokcho radiosonde data at 2100 KST 9 February 2014 (Red line) and 0900
KST 9 February 2014 (Blue line). Black Solid line shows the vertical domain in which vertical temperature
gradient changes abruptly.
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Fig. 8. Time series of satellite-derived brightness temperature (°C) on the A-B line in Fig. 1. from 1200
KST 6 February to 2400 KST 14 February 2014.
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Fig. 11. Same as Fig. 10. except for low-level stratiform clouds in the heavy snowfall events of a) 11~14
January 2008, b) 9~13 February 2010, ¢) 6~10 March 2010, and d) 21~23 January 2013.
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Table 3. Same as Table 2 except for the light snowfall events related with the low-level stratiform cloud.

East or North Sea-Air Temperature Stable layer Altitude of drop in 'temp./ ”l'“o'.cal .
. . . . Max. value & Altitude Precipitation
Case No. wind altitude  Difference (Sea and air bottom .
. . . of drop in temp (hPa)/ Water
/intensity temperature) altitude (hPa) (hPa) & (°C 12 hr) (mm)
Case 1 0.75~1.5 km
16 Jan. 2012 /5 kts No data 923 ] 92
Case 2 1.25~1.5km 6.4°C 830 1000~800 83
23 Feb. 2012 /5 kts (10°C, 3.6°C) 830@-3 ’
Case 3 0.5~1.5 km 5.6°C i i g1
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Fig. 12. Same as Fig. 10. except for the light snow or rain events of a) 16~17 January 2012, b) 23~24
February 2012, ¢) 10 March 2012, and d) 14~15 January 2013.
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