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Abstract
Prior studies have shown that above-normal sea surface temperatures (SSTs) enhance snowfall over
Korea. Here, we show that heavy snow is also associated with below-normal East Sea SSTs, and we
investigate the dynamical response of the atmosphere to this surface condition using observations
and numerical modeling. The results indicate that anomalous southeasterly/easterly winds are
induced by heavy snowfall-related cold SST anomalies, and consequently, the moisture flux is
converged. The existence of the southeasterly winds and the accompanied moisture flux
convergence appear to be instrumental in producing the heavy snowfall events. The anomalous
southeasterly/easterly winds associated with heavy snowfall-related cold SST anomalies reduce the
climatological northwesterly/westerly winds, leading to relatively warm and wet conditions over
the east coast of Korea that are favorable for forming and intensifying snowfall events in the region.

1. Introduction

A heavy snowfall accumulation can cause buildings to
collapse, as well as blocking roads, paralyzing traffic,
and stop pring the flow of supplies, resulting in isol-
ation of the city affected by the snowfall, giving rise
to the loss of human life and economic assets. There-
fore, the ability to accurately predict the time and
amount of heavy snowfall with an adequate lead time
is needed to prepare for the snowfall and minimize
the damage that it can cause. It is well known that
heavy snowfalls are highly sensitive to heat and mois-
ture fluxes over the ocean when an air mass moves
from ocean into land.  Air–sea exchange processes are
therefore important for the development mechanism
of heavy snowfall. In particular, sea surface temperat-
ure (SST) is a key parameter that controls many air–
sea exchange processes, and modulates the intensity
of the moisture and turbulent heat (sum of the sens-
ible and latent heat) fluxes and the consequent con-
vection, thereby acting as the source of energy for the
formation of heavy snowfall (Kim and Jin 2016).

The coastal region of eastern Korea frequently
suffers heavy snowfall events, mostly due to the

combined effect of its topography and close prox-
imity to the ocean, i.e. the East Sea (Jung et al
2012). For example, unprecedented heavy snowfall
occurred on 11–14 February 2011 along the east-
ern coastal region of Korea; the 24 hour accumu-
lation of fresh snow reached 80 cm in Gangneung
(37.804◦ N, 128.855◦ E), resulting in tremendous
damage, necessitating the deployment of 12 000 sol-
diers in the region to assist stranded motorists and
rescue trapped residents, with the cost of the damage
expected to reach approximately 65 million US dollars
(Jung et al 2012, http://www.safekorea.go.kr). Many
studies have been performed on heavy snowfall events
over the Korean Peninsula (e.g. Cheong et al 2006,
Kang and Ahn 2008, Kim and Jin 2016). Accord-
ing to these studies, the snowfalls are mainly associ-
ated with the air mass transformation by the fluxes
across the air–sea interface. Therefore, the influence
of the oceanic conditions on heavy snowfall events
over the Korean Peninsula has been investigated using
numerical models. Ahn and Cho (1998) emphas-
ized the importance of appropriate SST conditions
in the numerical simulation of heavy snowfall events
by showing that the results depend significantly on
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the accuracy and types of the SST data. Lee and Lee
(2006) showed that the snowfall in the coastal region
occurs due to the oceanic effects caused by the air–sea
temperature difference. Cha et al (2011) showed that
the SST gradient in the coastal region affects the cloud
streets and snowfall formation. Lee and Yoo(2014)
carried out several numerical studies to understand
the relationship between SST distribution and heavy
snowfall. They reported that the accuracy of the snow-
fall amount predictions is strongly associated with
the SST distribution not only over the near coast but
also over the ocean far from the coast of the Korean
Peninsula.

Previous studies have focused on the sensitiv-
ity of snowfall simulations to increasing or decreas-
ing SST, and have suggested that positive (negative)
SST forcing shows an enhanced (suppressed) precip-
itation amount due to the change of the moisture
and turbulent heat fluxes. In other words, most of
the previous studies demonstrated that the local SST
affects the snowfall intensity only when the synop-
tic conditions are favorable for the formation of the
heavy snowfall (i.e. the passive effect of the SST under
the favorable atmospheric condition for heavy snow-
fall that is the southeastward extension of Siberian
High over the northeastern Korea Peninsula, result-
ing in enhanced easterly wind anomalies). In this
study, however, we pursue a different approach in
examining the relationship between the heavy snow-
fall events in the eastern coastal region of Korea and
the oceanographic conditions of the adjacent sea (the
East Sea SST conditions). Unlike previous studies,
by focusing on the response of the atmosphere to
the heavy snowfall-related SST (i.e. the active role of
SST in the occurrence of heavy snowfall), we identify
an interrelationship between the snowfall-related SST
and atmospheric circulation; in other words, we
investigate the dynamical process by which East Sea
SST providing the favorable conditions for heavy
snowfall is communicated with the atmospheric
circulations.

2. Methodology

To identify an association between the East Sea
SST and heavy snowfall events in eastern Korea,
we first qualitatively examine the snowfall tend-
ency and investigate favorable oceanic and atmo-
spheric conditions for heavy snowfall by analyz-
ing long-term observed air–sea state variables.
Then, we perform numerical experiments on
the sensitivity of atmospheric circulation to the
heavy snowfall-related SST in order to investig-
ate the dynamical relationship between the East
Sea SST and the atmospheric circulation during
the winter season, defined as December through
February (DJF).

2.1. Description of datasets
In this study, the snowfall tendency in eastern Korea
is qualitatively examined by using the daily wind and
24 hour accumulated fresh snowfall observation at
five weather stations along the eastern coast of Korea
(figure 1(b)) in each January–February time period
from 1981 to 2016. These data were obtained from the
Automated Synoptic Observing System (ASOS) of the
Korea Meteorological Administration (KMA). The
SST of high spatial resolution (0.05◦ × 0.05◦, daily)
along the coast was taken from the Operational Sea
Surface Temperature and Sea Ice Analysis (OSTIA)
dataset from 1985 to 2016. Then, composite maps of
the SST, surface wind, and sea level pressure (SLP) are
constructed and favorable oceanic and atmospheric
conditions for heavy snowfall are examined using the
daily SLP from the European Center for Medium-
Range Weather Forecasts (ECMWF) interim reana-
lysis (ERA-Interim) data of 0.25◦ horizontal grid spa-
cing from 1981 to 2016 (Dee et al 2011), and surface
wind data derived from the Cross-Calibrated Multi-
Platform (CCMP) project with six-hourly gridded
analysis data at a horizontal resolution of 25 km from
1989–2016 (Atlas et al 2011).

2.2. Numerical experiments
To investigate the impact of heavy snowfall-related
composite SST anomalies in the East Sea on atmo-
spheric circulation, we use the Weather Research and
Forecasting (WRF) model, which is a fully com-
pressible and non-hydrostatic model using Arakawa-
C grid staggering for the horizontal coordinate and
terrain-following hydrostatic pressure for the ver-
tical coordinate (Skamarock et al 2008). The model
domain, at a 12 km horizontal resolution, covers the
North Pacific region, including the East Asian Mar-
ginal Seas (figure 2). The initial and boundary condi-
tions are prepared using six-hourly climatology data
(1985–2015) based on the National Centers for Envir-
onmental Prediction (NCEP)–Climate Forecast Sys-
tem Reanalysis (CFSR) with a resolution of 0.25◦

(Saha et al 2010).
Based on the significant SST anomalies from

the composite map, two sensitivity experiments are
performed to identify the dynamical relationship
between the heavy snowfall-related SST anomalies
and atmospheric circulation. In the first simulation
(ClimSST), the WRF is forced with the climatological
daily SST, which is the long-term average daily SST
for the period 1985–2015 from the OSTIA with a
0.05◦ resolution. The second simulation (CompSST)
is identical to ClimSST except for the SST bound-
ary condition, in which time-invariant SST anom-
aly pattern in the East Sea based on the compos-
ite analysis is merged into the climatological SST.
In both simulations, SST boundary conditions pre-
scribed outside the East Sea domain are identical to
each other, and therefore there is no extra source of
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Figure 1. (a) Temporal distribution of daily fresh snow (bar, cm) and anomalies of surface wind direction (vector) at five weather
stations along the eastern coast of Korea from ASOS (1981–2016) when a heavy snowfall event occurred, and SST anomalies
(color shaded, ◦C) along the 200 m depth line from OSTIA (1985–2016) in January (left) and February (right). (b) Location of
five weather stations (color-shaded star) along the eastern coast of Korea and the East Sea bathymetry. The red line indicates the
depth of 200 m. The color of stars corresponds to the color of bars in (a). Wind speed is not considered in the wind vector in (a).

Figure 2. Schematic diagram of the numerical model setup, sensitivity experiments, and brief descriptions of the
parameterization schemes considered in this study. A short listing of the parameterizations and schemes used in the present study
is as follows: the Rapid Radiative Transfer Model (RRTM) scheme for longwave radiation, the Dudhia scheme for shortwave
radiation, the Monin–Obukhov similarity method for the surface fluxes of momentum and enthalpy, the Noah land-surface
model, the Yonsei University planetary boundary layer (YSU-PBL) scheme, the WRF single-moment 6-class (WSM6)
microphysics scheme, and the Kain–Fritsch cumulus parameterization scheme.

anomalous diabatic forcing outside the East Sea. The
climatological condition on 1 December is used as
the initial condition and each run is integrated for
 three months until 28 February. A schematic diagram

of the numerical model setup and sensitivity exper-
iments and brief descriptions of the parameteriza-
tion schemes considered in this study are shown in
figure 2.
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3. Results

3.1. East Sea SST as a necessary condition for heavy
snowfall in eastern Korea
Figure 1 shows the daily fresh snow and anomalies of
surface wind direction at  five weather stations along
the eastern coast of Korea from ASOS (1981–2016)
when the heavy snowfall event occurred, and SST
anomalies along the 200 m depth line from OSTIA
(1985–2016) in January and February. Here, we
define a heavy snowfall event as a day with more than
20 cm of snow in 24 h, which is the threshold snow-
fall rate that triggers the issuance of a heavy-snowfall
warning. Using the above definition of heavy snowfall
events for observations, we detect 72 heavy snowfall
events (56 d including heavy snowfall events in other
regions on the same day) for eastern Korea during
1981–2016. An examination of this figure shows that
a large amount of snow tends to fall on the east coast
region when the easterly winds are prevailing and the
SSTs are below normal.  It is interesting that heavy
snowfall events are more likely to occur during cold
SSTs. Figure 3 shows the scatter diagram of the heavy
snowfall events and the satellite-based SST anomal ies.
While heavy (>20 cm) and extremely heavy (>60 cm)
snow can occur during above-normal SST, the major-
ity of heavy snow cases (80%) are associated with
below-normal SSTs. Prior work shows that above-
normal SSTs provide moisture flux anomalies condu-
cive to higher snowfall, so we interpret the relation-
ship in figure 3 to indicate that the synoptic drivers
of heavy snow tend to produce a below-normal SST.
Here we investigate the response of the atmosphere
to a below-normal SST associated with heavy snow.
Accordingly, we explore the potential associations
between heavy snowfall in eastern Korea and envir-
onmental variables, using composite analysis that is
recognized as a simple and effective tool for the iden-
tification of the conditions observed during specific
states of the climate (Boschat et al 2016). In this study,
a composite analysis is performed to show the local
atmospheric responses and regional SST conditions
observed during heavy snowfall events in the coastal
region of Korea. To explore the climate signature asso-
ciated with the observed heavy snowfalls in eastern
Korea, the composite maps for SLP, surface wind,
and SST are obtained based on the daily maps of the
variables for 56 heavy snowfall days, in which the
daily SST (0.05◦) from the OSTIA, daily SLP (0.25◦)
from ERA-Interim, and surface wind (0.25◦) from the
CCMP are used. We calculate the composites of daily
anomalies, as a deviation from the daily climatology
for that specific calendar day. Additionally, for the sig-
nificant SST anomalies that are the primary topic of
this study, a two-tailed student t-test using the Monte
Carlo procedure was utilized to test the significance
of the anomalies at the 95% confidence level.

The average anomalous SST, SLP, and wind con-
ditions for the heavy snowfall events are shown in
figure 4. These composite maps suggest that heavy
snowfalls in eastern Korea are associated with cold
SST anomalies with a peak over the East Korea
Bay (EKB) and the anomalous northern-high and
southern-low SLP pattern accompanying prevailing
easterly wind anomalies. It is particularly noteworthy
that heavy snowfall is strongly related to cold SST
rather than to warm SST anomalies. As mentioned
above, many studies have shown that heavy snowfalls
occurring in the coastal regions of Korea are more
generally associated with warm SST anomalies. How-
ever, the results of our analysis contradict the con-
clusions of the previous studies, revealing a strong
linkage between cold SST anomalies and heavy snow-
falls.  This is because previous studies have mainly
focused on the passive effect of the SST, as previously
mentioned. They demonstrated the impact of local
warm SST on the intensity of snowfall only under
the favorable synoptic conditions for the formation of
the heavy snowfall. In the following section, the evid-
ence that the cold composite SST anomaly is related
to occurrence of heavy snowfall event is provided.

Even though the composites with observed data
confirm the association between the regional SST and
heavy snowfall events, as highlighted in our empirical
relationships mentioned above, caution is required in
the interpretation of the physical meaning of the com-
posite analysis because the cold composite SST anom-
aly itself might not be sufficient for the occurrence
of the heavy snowfall events. The cold SST obtained
by composite analysis does not always ensure heavy
snowfall occurrence, but the condition may cause
an increase in the possibility of the heavy snow-
fall occurrence (figures 1 and 3). In this study, it
is demonstrated that the heavy snowfall-related cold
SST anomaly, as an active condition for the heavy
snowfall, induces favorable synoptic conditions for
the formation of heavy snowfall events, using numer-
ical experiments. The numerical approach could help
to assess the poorly understood causality between the
regional cold SST and the heavy snowfall events in the
eastern coastal region of Korea.

3.2. Atmospheric responses to the heavy
snowfall-related SST in the East Sea
The atmospheric responses to the heavy snowfall-
related composite SST anomalies in the East Sea are
examined based on the time mean (DJF) of dif-
ferences between two simulations (i.e. CompSST−
ClimSST). The changes in SST can affect the overlying
atmosphere by changing the air–sea turbulent fluxes.
Figure 5 shows the local responses of SLP and sur-
face wind, turbulent heat flux, 2 m air temperature,
moisture flux, and planetary boundary layer height
to composite SST anomalies in the East Sea. Local
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Figure 3. Scatter diagram of the 72 heavy snowfall events from ASOS and the SST anomalies obtained from a satellite. The heavy
snowfalls during the cold SST anomalies are denoted by blue dots (57 events, 80%), and the red dots indicate the heavy snowfalls
during warm SSTs (15 events, 20%).

Figure 4.Horizontal distributions of the average anomalous (a) SST from OSTIA, and (b) SLP (color shaded with contours) from
ERA-Interim and surface wind (vector) from CCMP for the heavy snowfall events. For the composite SST anomaly, two-tailed
student t-test using the Monte-Carlo procedure is utilized to test the significance of anomalies at the 95% confidence level, as
displayed by the green dots in (a).

near-surface atmospheric responses to the cold SST
anomalies in the East Sea exhibit a typical feature of a
linear and symmetric response for the structure and
signal of the anomalous diabatic forcing. As expec-
ted, negative turbulent heat flux anomalies are present

over the region with cold SST anomalies, indicat-
ing the below-normal heat transfer from the ocean
to the atmosphere. We can also clearly observe that
moisture fluxes also become weak together with the
turbulent heat flux over this region, and consequently
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the atmospheric boundary layer stabilizes, resulting
in the lower planetary boundary layer (PBL) height.
In addition, surface air temperature decreases and
a localized high SLP anomaly is induced over the
region with cold SST anomalies, thereby domin-
ating the easterly/southeasterly wind anomaly over
eastern Korea; this corresponds to the anomalous SLP
pattern.

It should be noted that the local near-surface
atmospheric responses to the heavy snowfall-related
composite SST anomalies do not coincide precisely
with the distribution of the anomalous diabatic for-
cing. Upon closer examination, figure 5 reveals that
the atmospheric responses to the SST anomalies are
rather elongated southeastward from the EKB where
the maximum cold SST anomaly occurs (figure 5(a)).
The East Sea is subject to strong influence under the
East Asian monsoon system. Hence, it is likely that
the atmospheric responses to the SST anomalies are
extended to the downstream region by the prevail-
ing northwesterly winter monsoon winds. As a res-
ult, negative turbulent heat and moisture fluxes as
well as surface air temperature are impinged on the
downstream region in the shape of a tongue, leading
to the extended anomalous high SLP over the corres-
ponding region. Consequently, warm and wet advec-
tion from the south can be caused by the anomalous
easterly/southeasterly winds along the southwestern
flank of the extended high SLP anomaly (figures 5(b)
and (d)).

According to the previous studies, with the excep-
tion of the easterly/southeasterly wind anomalies,
these atmospheric responses to the composite SST
anomalies for the heavy snowfall such as negat-
ive turbulent heat and moisture fluxes and stable
atmospheric boundary layer are rather unfavorable
for the occurrence of heavy snowfall events. How-
ever, the result of our sensitivity experiments shows
that the simulated precipitation in eastern Korea
increases with the significant SST anomalies from the
composite maps. Figure 6 shows the difference in
winter (DJF) mean rainfall and accumulated snowfall
between the two sensitivity experiments. We observe
substantial increases in the simulated precipitation
over eastern Korea in CompSST and more rainfall
over eastern Korea and the western part of the East
Sea, which produces greater snowfall along the east-
ern coastal region of Korea.

It is useful to compare the distributions of mois-
ture flux convergence (MFC) in the lower tropo-
sphere obtained in the two sensitivity experiments,
since MFC affects precipitation both directly and
indirectly by changing moisture inflow and precip-
itation efficiency. MFC is a term used in calcula-
tions to predict precipitation (Banacos and Schultz
2005) and is more important for the probability of
heavier precipitation (Wei et al 2016). In particu-
lar, in the case of limited surface evaporation over
the oceanic region in wintertime, the MFC plays

a more dominant role in water vapor supply. The
difference in horizontal MFC and wind at 850 hPa
between the two sensitivity experiments is shown in
figure 7(a), and it is observed that the increased pre-
cipitation is most likely associated with the MFC.
A negative MFC (i.e. convergence of moisture flux)
difference is found over the east coastal region of
Korea and west part of the East Sea. This is con-
sistent with the enhanced convergence in the mois-
ture flux leading to an increased amount of rain and
snowfall within the region (figure 6). In addition,
the simulated atmospheric circulation features imply
that anomalous heavy snowfall over eastern Korea
is related to low-level southeasterly wind anomalies.
As discussed above, anomalous easterly/southeasterly
flow over eastern Korea is an important condition
for the heavy snowfall events. As expected, the strong
southeasterly wind occurs in the west part of the East
Sea and east coastal region of Korea in the simu-
lation with significant composite SST anomalies for
the heavy snowfall events. This strong southeasterly
moisture flux converges on the east coastal region of
Korea to form a band of maximum MFC.

The MFC can be decomposed into the horizontal
advection of moisture (advection term displayed in
figure 7(b)) and the product of moisture and hori-
zontal air mass convergence (convergence term dis-
played in figure 7(c) by the following vector identity

HorizontalMFC=−∇ · (qVh) =−Vh ·∇q− q∇·Vh

where ∇= î ∂∂x + ĵ ∂∂y , Vh = ûi+ v̂j, and q is the spe-
cific humidity. Further decomposition demonstrates
that the enhanced MFC induced by the composite
SST anomalies for heavy snowfall primarily arises
from the enhanced wind convergence over eastern
Korea (figure 7(c)). Meanwhile, moisture advection
becomes dominant along the east coastal region of
Korea and has rather positive values (i.e. divergence)
over the region with the cold composite SST anom-
alies (figure 7(b)). This result implies that the atmo-
spheric moisture for the occurrence of heavy snowfall
in eastern Korea is affected more strongly by the large-
scale atmospheric circulation. Namely, the enhanced
MFC is linked to the atmospheric circulation that
controls the moisture transport in the region, exerting
an important effect on the local precipitation. There-
fore, MFC is a key factor for the generation of heavy
snowfall, and the existence of the horizontal air mass
convergence and the accompanied MFC appears to be
instrumental in producing the heavy snowfall event.

This relationship can be explained using the pres-
sure adjustment mechanism proposed by Lindzen
and Nigam (1987), who showed that SLP and under-
lying SST are related and surface wind convergence is
linked to the SLP Laplacian (∇2SLP) by a linear rela-
tionship. Therefore, a linear relationship between SST
and SLP indicates that the ocean has an impact on the
atmosphere. The anomalous SST thermally induces
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Figure 5. Horizontal distributions of winter mean difference in (a) SST, (b) SLP (color shaded) and surface wind (vector), (c)
turbulent heat flux, (d) 2 m air temperature (color shaded) and surface wind (vector), (e) moisture flux, and (f) PBL height
between the two simulations (CompSST−ClimSST).

Figure 6. Horizontal distributions of the difference in (a) winter mean rainfall and (b) winter mean accumulated snowfall
between the two simulations (CompSST−ClimSST).

Figure 7. Horizontal distributions of the winter mean difference in (a) MFC (color shaded) and wind (vector) at 850 hPa,
(b) advection term in MFC, and (c) convergence term in MFC between the two simulations (CompSST−ClimSST).
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Figure 8. Horizontal distributions of the difference in the winter mean SLP Laplacian between the two simulations
(CompSST−ClimSST).

a density anomaly of the near-surface atmosphere
over the region, resulting in anomalous wind conver-
gence or divergence. According to Lindzen and Nigam
(1987) and Minobe et al (2008), wind convergence
is proportional to the Laplacian of pressure. Figure 8
displays the horizontal distribution of the difference
between the SLP Laplacian results obtained in our
two numerical experiments. In the present numer-
ical experiments, the anomalous SLP is forced by the
heavy snowfall-related SST anomaly. The spatial dis-
tribution of the SLP Laplacian difference shows that
positive values are dominant over the western part
of the East Sea and along the eastern coast of the
Korea, corresponding to that of the convergence term
in MFC (figure 7(c)). This result demonstrates that
the pressure adjustment plays a primary role in and is
responsible for the momentum convergence.

Our results also show that the presence of an
anomalous easterly wind is a favorable condition for
the formation of heavy snowfall events, in agree-
ment with the previous studies. However, this study
highlights that due to the heavy snowfall-related SST
anomaly which is the anomalous cold SST, the anom-
alous easterly winds are induced and consequently

moisture flux is converged. This is in contrast to
most previous studies that emphasized awarm SST
as a favorable condition for forming and intensifying
snowfall events. Furthermore, the anomalous east-
erly/southeasterly winds associated with the heavy
snowfall-related SST anomalies reduce the climato-
logical northwesterly/westerly winds, leading to rel-
atively warm and wet conditions over the east coast
of Korea, which are favorable conditions for forming
and intensifying snowfall events in the region.

4. Summary and discussion

Air–sea interaction plays a vital role in the occur-
rence of heavy snowfalls caused by a cold air outbreak
over the relatively warm ocean. Thus, as mentioned
previously, air–sea exchange processes are important
for the development mechanism of heavy snowfall. In
this study, we investigated the atmospheric responses
to heavy snowfall-related SSTs in the East Sea. This
study followed a different approach to examine the
effects of SST anomal ies on heavy snowfall events.
Unlike many previous studies that have investig-
ated the impact of local SST on snowfall intensity
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under favorable synoptic conditions for the forma-
tion of heavy snowfall, we focused on the atmosphere
responses to heavy snowfall-related SSTs.

Qualitative examination of the heavy snowfall
tendency and composite analysis demonstrate that
the heavy snowfalls in eastern Korea are closely asso-
ciated with cold SST anomalies with a peak over the
EKB, unlike previous studies that suggested warm
SST anomalies provide favorable conditions for form-
ing and intensifying snowfall events. To investigate the
dynamical relationship between the heavy snowfall-
related composite SST anomalies in the East Sea
and atmospheric circulation, we perform numerical
experiments on the sensitivity of atmospheric circula-
tion to the heavy snowfall-related SST. Surface atmo-
spheric conditions show a linear response to anomal-
ous cold SSTs in the East Sea; negative turbulent heat
and moisture flux anomalies are observed over the
region with heavy snowfall-related cold SST anom-
alies, and consequently the atmospheric boundary
layer stabilizes. Furthermore, surface air temperature
decreases and a localized high SLP anomaly is induced
over the region with cold SST anomalies, resulting in
the anomalous easterly/southeasterly winds over east-
ern Korea.

The results of the numerical experiments imply
that due to the prevailing northwesterly winter mon-
soon winds, these linear atmospheric responses are
elongated southeastward from the EKB where the
maximum cold SST anomaly occurs. As a result, neg-
ative turbulent heat and moisture fluxes as well as sur-
face air temperature are impinged on the downstream
region, resulting in the extended anomalous high
SLP over the corresponding region. This gives rise
to anomalous easterly/southeasterly wind along the
southwestern flank of the extended high SLP anom-
aly. According to previous studies, with the exception
of the easterly/southeasterly wind anomalies, these
linear atmospheric responses to the composite SST
anomalies are rather unfavorable for the occurrence
of heavy snowfall events. However, the results of our
sensitivity experiments show that the simulated pre-
cipitation in eastern Korean increases with the signi-
ficant SST anomalies from the composite maps.

MFC is the key factor for generating heavy snow-
fall. The sensitivity experiment forced with the sig-
nificant composite SST anomalies for heavy snow-
fall events demonstrates that the heavy snowfall is
associated with a pronounced lower-level MFC. The
existence of the easterly/southeasterly winds and the
accompanied MFC that are induced by the heavy
snowfall-related cold SST anomal ies appear to play
the key role in producing the heavy snowfall events.
The cold composite SST anomaly thermally induces
an anomalous high SLP over the region and this high
SLP system is extended southeastward due to north-
westerly winter monsoon, leading to the anomalous
wind divergence/convergence. This pressure adjust-
ment plays a primary role and is responsible for the

momentum convergence. Furthermore, the anom-
alous easterly/southeasterly winds associated with
heavy snowfall-related SST anomalies reduce the cli-
matological westerly/northwesterly winds, leading to
relatively warm and wet conditions over the east coast
of Korea. These conditions are favorable for forming
and intensifying snowfall events in the region.

This study illustrates the potential impact of the
cold oceanic conditions on the heavy snowfall events.
Our results provide important insights for under-
standing the dynamical process by which the East
Sea SST providing the favorable conditions for heavy
snowfall is communicated with the atmospheric cir-
culations. The findings of this study contribute to the
prediction of the probability of heavy snowfall occur-
rence and to understanding the role of air–sea inter-
action in severe weather events.

Meanwhile, the SST in the western part of the
East Sea is strongly influenced by the East Korea
Warm Current (EKWC) that flows northward along
the east coast of Korea as one of the branches of the
Tsushima Warm Current, playing a significant role in
the northward transport of warm and saline waters.
The EKWC flowing northward encounters the North
Korean Cold Current flowing southward along the
North Korean coast, and then both currents separate
from the coast (Kim and Yoon 2010). Consequently,
warm and cold conditions in the western part of
the East Sea are determined by the location where
the EKWC separates from the coast. Therefore, heavy
snowfall-related SST may be strongly correlated with
the variability of the EKWC. Although not investig-
ated in this study, the potential contribution of the
EKWC on heavy snowfall events is an interesting sub-
ject for future work.
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