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Abstract A record-breaking high surface air temperature of 41.0°C was observed on 1 August
2018 at Hongcheon, South Korea. In this study, to quantitatively determine the formation mech-
anism of this extremely high surface air temperature, particularly considering the contributions
of the foehn and the foehnlike wind, observational data from Korea Meteorological Administra-
tion (KMA) and the Weather Research and Forecasting (WRF) model were utilized. In the back-
ward trajectory analysis, trajectories of 100 air parcels were released from the surface over
Hongcheon at 1600 LST on 1 August 2018. Among them, the 47 trajectories (38 trajectories)
are tracked back above (below) heights of 1.4 km above mean sea level at 0900 LST 31 July
2018 and are defined as upper (lower) routes. Lagrangian energy budget analysis shows that for
the upper routes, adiabatic heating (11.886 x 10°J kg™) accounts for about 77% of the increase
in the thermal energy transfer to the air parcels, while the rest (23%) is diabatic heating (3.650 x
10° J kg™'). On the other hand, for the lower routes, adiabatic heating (6.111 x 10° J kg ™)
accounts for about 49% of the increase, the rest (51%) being diabatic heating (6.295 x 10°J kg’]).
Even though the contribution of the diabatic heating to the increase in the air temperature rather
varies according to the routes, the contribution of the diabatic heating should be considered. The
diabatic heating is caused by direct heating associated with surface sensible heat flux and heat-
ing associated with the turbulent mixing. This mechanism is the Type 4 foehn described in
Takane and Kusaka (2011). It is concluded that Type 4 foehn wind occurs and plays an import-
ant role in the extreme event on 1 August 2018.
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Fig. 1. Conceptual representation of foehn types of high temperature phenomena associated with a flow over a mountain [these
figures are modifications of Takahashi (1996) and Takane and Kusaka (2011)].
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Fig. 2. (a) Surface synoptic chart, (b) 850 hPa synoptic chart (bold blue line indicates 1470 gpm isohypse), and (c) 500 hPa
synoptic chart (bold blue line indicates 5880 gpm isohypse) at 1500 LST 1 August 2018, respectively.

Fig. 3. COMS composited images at (a) 0900 LST and (b) 1500 LST 1 August 2018.
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Fig. 4. The distributions of (a, d) temperature, (b, e) relative humidity, and (c, f) wind from observation and the simulation valid
at 1600 LST 01 August 2018. The magnitudes of temperature and relative humidity are represented with color shading based
on the scale at the bottom of figure. The wind vectors are represented with arrows, and length scale for the arrow in m s~ is

given at the bottom of the figure.
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Fig. 6. (a) WRF model domains for domain 1 (d01), domain 2 (d02), and domain 3 (d03). The Fig. 6b shows enlarged details
of the analysis area for this study. Hereafter, SC, BGN, GN, DGY, Hong C, Hwa C, SN, 1J, and HH in all the figures stand for
Sokcho, Bukgangneung, Gangneung, Daegwallyeong, Hongcheon, Hwachon, Sinnam, Inje, and Hamheung, respectively. The
black triangles show the locations of Ungtanbong and mountain Seorak, respectively. Topography is represented with shading
based on scale at bottom.

Table 1. Configuration of the WRF model used in the simulations for this study.

Model WRF V3.6.1
Domains Domainl Domain2 Domain3
Horizontal grid spacing 9 km 3 km 1 km

Vertical layer/Model top 41 Eta vertical layer/50 hPa

ECMWEF reanalysis ERA-Interim (6 hourly, 0.25° x 0.25°)
RTG SST (daily, 0.083°%x0.083°)

Initial condition

Microphysics WDM 6 scheme
Planetary Boundary Layer ACM2 Planetary Boundary Layer scheme
Cumulus parameterization Kain-Fritsch scheme not used
Land Surface Model Pleim-Xiu Land Surface Model
Long wave radiation scheme RRTM scheme
Short wave radiation scheme Dudhia scheme
Grid nesting Two-way
Integration period 0900 LST 31 July~0300 LST 2, Aug 2018 (42 hour)
Nudging coefficient 6.0x 107 s
Nudging Rinxy 240 km (default value)
Time window 0.67 hr
Atmosphere, Vol. 31, No. 2. (2021)
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Fig. 7. Vertical profiles of (a) wind direction and wind speed, and (b) potential temperature at 0900 LST 1 August 2018 at
Bukgangneung. The observation and the simulation are represented by orange dots and blue-solid lines, respectively.
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used in Fig. 8 (see text for details).
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Fig. 11. Energy terms (1 x 10° J kg™") along the ensemble averaged trajectories of air parcels shown in (a) for Upper routes and
(b) for Lower routes. The y axis indicates energy (1 x 10° J kg™"), and the secondary y axis indicates the terrain height (m). The
black curve is the geopotential energy (gZ), the red curve is the sensible heat energy (C,T), the blue curve is the dry static
energy (s), and the black shading is the terrain along the ensemble averaged trajectory. The yellow vertically long arrow
indicates the time when the air parcel penetrated from the free atmosphere into the mixing layer. A number near the yellow
arrow stands for temperature when the air parcel penetrated into the mixing layer, and the other number stands for temperature

when the air parcel reached finally around Hongcheon.
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Table 2. The mean energy variations while the air parcels keep moving in the mixing layer to reach around Hongcheon along
the Upper routes and along the Lower routes, respectively. Temperature increases of averaged air parcels due to these energy

varaiations are shown in parenthesis (see text for details).
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