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Occurrence Characteristics of Sea Breeze in the Gangneung Region
for 2009~2018
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Abstract The Gangneung region has the complicated geographical characteristics being adja-
cent to East Sea and Taeback mountains, and thus sea breeze could play an important role in
local weather in various aspects. This study aims to understand overall characteristics of sea
breeze largely based on long-term (2009~2018) ground-based observation data. We also pro-
pose a selection criteria of sea breeze occurrence day; 1) daily precipitation is less than 10 mm,
2) surface wind direction is 0~110° (northerly to easterly) for more than 3 hours during the day-
time, 3) wind direction is 110~360° for more than 3 hours during the nighttime, and 4) land and
sea temperature difference is positive during the daytime, 5) sea and land sea-level pressure dif-
ference is more than 0.5 hPa. As a result, a total of 595 days was selected for the past 10 years.
The occurrence of sea breeze is the highest in late Spring to early Summer (May to June). The
passage time of sea breeze at the inland station (1.6 km farther inland) is one hour later than the
coastal station. On the typical sea breeze event of April 12, 2019, the passage speed and dura-
tion of sea breeze was 15 km hr™' and about 9 hours, respectively, with its depth of about 500 m
and its head swelling. The current results emphasize the critical role of sea breeze in forecasting
surface temperature and wind, and contribute to relieve heat wave especially in summer in the
Yeongdong region.
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Fig. 1. Location of the main observation sites. GN and BGN are for Gangneung and Bukgangneung, respectively. GWNU is for

Gangeung-Wonju National University.

Table 1. Detailed information of the analysis stations.

Site Latitude Longitude Altitude Distance from Instruments
MN) (E) (m) the coast (km)
Gangneung *
(GN) 37.75 128.89 27 52 ASOS
Bukgangneung ASOS*
(BGN) 37.80 128.86 76.9 3.6 Wind profiler
. . Thermograph
Gangneung Wonju National 37.77 128.87 18.8 5.3 Rawinsonde**
University (GWNU) Weather Sensor
East sea 37.54 130.0 - 70 Buoy
*ASOS (Automatic Synoptic Observed System).
**Rawinsonde launched on 3 May 2019 only.
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Table 2. Specification of the instruments used for this study.

Thermograph ASOS Weather sensor Rawinsonde Wind profiler Buoy
NSII-Q LAP-3000
Model (Quartz type) - WS500-UMB ~ DFM-09 (GRAW) (Scintec AG) -
T(°C) T (°C)
SLP (hPa) T (°C) RH (%) o
Variable T (°C) WD (deg) WD (deg) P (hPa) \\A’;/SD (1(1?:%‘)) SLTP( (El);a)
WS (ms™) WS (ms™) WD (deg)
Precip (mm) WS (ms™)
Observation Low (150~4000 m)
height (m) 1.5 10 18.8 About every 5 m High (1000~6000 m) Sea level
T1m<? oK 1 min 1 min 1 sec 10 min 1 hour
resolution
Analysis 2009.1.1~ 2009.1.1~ 2018.11.23~ 2019.5.3 2017.1.1~ 2009.1.1~
period 2018.12.31 2018.12.31 2019.7.31 - 2018.12.31 2018.12.31
SLP Sea level pressure; WD Wind speed; WS Wind Speed.
**Thermograph sheet is replaced once a week since 2009.
Table 3. Location information of 24 integrated meteorological stations.
Site Latitude (N) Longitude (E) Altitude (m)
AIH Aninhang 37.74 128.99 21.6
GNH Gangneunghang 37.77 128.95 5.6
GP Gyeongpoho 37.80 128.90 1.7
SCH Sacheonhang 37.84 128.88 33
YJH Yeongjinhang 37.87 128.84 11.5
HSDR Hasidong-ri 37.74 128.95 2.8
BGN Bukgangneung 37.80 128.86 76.9
SCSK Sacheon-seokgyo 37.84 128.82 53.6
GJKG Gujeong-geumgwang 37.72 128.92 17.9
GWNU Gangneung-wonju National University 37.77 128.87 18.8
DS Damsan 37.71 128.90 47.2
GJUD Gujeong-eodan 37.70 128.90 100.7
SSSA Seongsan-songam 37.77 128.84 130.4
SSGS Seongsan-gusan 37.72 128.84 49.7
GN Gangneung-hyugeso 37.76 128.81 322.6
SGMR Sagimak-ri 37.79 128.79 140.0
SSSB Seongsan-sanbuk 37.70 128.83 154.5
WSDM Wangsan-doma 37.66 128.85 164.9
SSUH Seongsan-eoheul 37.72 128.78 458.1
WSR Wangsan-ri 37.67 128.80 210.2
SCSB Sachinsibi 37.69 128.76 771.2
uyJ Uiyaji 37.69 128.72 761.3
CHR Chahang-ri 37.69 128.67 787.9
BWS Balwangsan 37.61 128.67 1438.9
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Fig. 2. Examples of temperature variations observed with
thermograph at GWNU for a typical sea breeze occurrence
day such as 12 April 2019 and 3 May 2019.
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Classification
Precipitation < 10 mm >
NO
YES
0°<WD<110°
Duration 3 HR >
NO
In daytime
YES
Between
110° <WD < 360 °
Local
SunRise+1 Duration 3 HR >
NO
and In nighttime
Local SunSet YES
TrLand — Tsea> 0°C |
Duration 3 HR NO
YES
SLP sea — SLP 1and > 0.5hPa R
Duration 3 HR NO
YES
Synoptic Composite Analysis
A 4
[ Sea Breeze days ] [ No Sea Breeze days
Fig. 3. Flow chart to select sea breeze occurrence days in the Gangneung region.
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Table 4. The number of sea breeze occurrence days at GN from 2009 to 2018.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum
2009 2 10 9 14 16 6 11 10 16 12 2 2 110
2010 1 6 8 12 10 15 0 0 0 1 2 1 56
2011 0 3 12 9 9 9 11 5 10 5 3 0 76
2012 0 4 6 13 18 16 10 6 9 8 1 0 91
2013 2 7 13 6 6 7 3 4 3 2 0 0 53
2014 0 1 2 6 10 4 1 0 4 0 0 0 28
2015 0 0 6 3 5 3 3 3 1 1 1 0 26
2016 1 0 3 4 8 2 4 4 3 0 0 1 30
2017 0 1 5 5 4 9 2 2 1 2 4 2 37
2018 0 2 9 12 9 18 11 9 2 6 7 3 88
Sum 6 34 73 84 95 89 56 43 49 37 20 9 595

Table 5. Same as Table 4 except for BGN.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum
2009 1 6 10 14 16 5 11 9 12 10 4 0 98
2010 2 6 3 10 11 11 0 0 0 0 4 4 51
2011 0 3 12 9 8 11 8 5 8 9 3 0 76
2012 0 7 9 9 18 9 13 5 9 12 1 0 92
2013 4 5 13 6 16 13 11 14 8 8 3 1 102
2014 2 1 8 13 13 5 10 7 13 1 4 1 78
2015 3 4 14 8 14 11 15 13 11 13 3 0 109
2016 0 3 16 15 19 13 9 11 4 5 1 1 97
2017 2 5 11 16 15 15 8 3 11 4 3 4 97
2018 1 5 8 10 14 18 12 4 4 9 7 1 93
Sum 15 45 104 110 144 111 97 71 80 71 33 12 893
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