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Abstract

In this study, numerical simulations of the summertime ice formation at Ice Valley in Korea are
conducted using a simple 2D model, which is driven by the observed air temperature. The Ice Valley in
Korea is a famous summer resort, as the Natural Monument where natural ice forms in spring, and re-
mains till summer along the slope, and the ice disappears in fall to winter. It is interesting to note that
the hotter the outside air is, the larger the ice grows in spring. The mysterious behavior of the summer-
time ice has been partly explained by a series of numerical experiments in terms of the convection
theory, which is explained by the seasonally reversing wind-hole circulations. The numerical model in
this study is updated from our former versions considering the new finding by the in situ observations.
The result of the simulation is compared with the observations at the Ice Valley in Korea, and Na-
kayama in Japan.

According to the result of the numerical simulation, the summertime wind-hole circulation activates
the downward flow when the outside air is getting hot. The downward flow transfers the cold accumu-
lated in the talus during the previous winter toward the outlet of the cold wind hole. As a result, the
intensified cold advection grows the ice when the outside air is getting hot. The wind hole circulation
appears to be about 17 mm/s in April, and the residence time of the air in the talus is estimated as 2.8
hours for this case. It is shown, that the seasonal reversal of the wind hole circulation is the essential
mechanism of the summertime ice at the Ice Valley, acting as a natural thermal filter which effectively
accumulates only the winter cold in the talus.

1. Introduction

The Ice Valley (Eorumgol) in Korea is a fa-
mous summer resort, where natural ice forms
in spring and summer, and the ice disappears
in fall and winter (see Hwang and Moon 1981;
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Bae and Kayane 1986; Song 1994; Tanaka
1995; Hwang et al. 2005; Byun et al. 2006). It
is interesting to note that the hotter the outside
air is, the larger the ice grows in spring and
maintains till summer, as reported by Kim
(1968). The ice partially melts after a rainfall,
due to the warmth of the rain, but it freezes
again after a few days in spring. In contrast,
there is no ice in the talus during winter, de-
spite the fact that the surrounding mountains
are covered by snow (see Byun et al. 2006).

Ice Valley (128�59 0E, 35�34 0N) is the Natural
Monument located in the upper reaches of the
Milyang River (a branch of the Nakdong River)
in the northern part of Milyang, Kyungnam,
which is in the south-eastern part of the Ko-
rean Peninsula (see Fig. 1). The valley is about
250 m wide and 750 m long, with a slope of 15–
25 degrees. The slope of the talus is covered by
dacite welded ash flow tuff, which are about

0.5–2.0 m in diameter. The freezing area in
the Ice Valley is located near 410 m above sea
level at the very lower end of a widely spread-
ing ash fall tuff debris, as marked by a circle
in Fig. 1 (after Tanaka 1997). Extensive obser-
vational studies were conducted and reported
by Tanaka et al. (1998, 1999), Hwang et al.
(2005), and Byun et al. (2006).

The mysterious behavior of the summertime
ice has been explained by (1) adiabatic expan-
sion of air blowing from the narrow holes (Kim
1968), (2) evaporation from capillary zone
above the ground water (Moon and Hwang
1977), (3) convection of cold air during winter
(Bae and Kayane 1986), (4) net radiative cool-
ing and cold air convection in winter (Hwang
et al. 2005). The summertime ice formation is
partly explained by a series of numerical ex-
periments by Tanaka et al. (2000), in terms of
the convection theory with a seasonal reversal
of wind-hole circulations. While the downward
flow of cold air takes place gently in summer, a
violent overturning of the air occurs in winter,
by the unstable stratification. According to the
model simulation, the seasonal asymmetry of
the wind-hole circulations acts as a natural
thermal filter, which effectively accumulates
only the cold in winter into the talus. The circu-
lation speed inferred by the model was 1 mm/s,
with the residence time of 2 days in the talus.

In order to quantitatively confirm the wind-
hole circulations in the talus, tracer experi-
ments were conducted by Tanaka et al. (2004),
using dry ice as the safe and harmless tracer.
According to the results of the tracer experi-
ments, the wind-hole circulation in summer
turns out to be 26 mm/s, with the residence
time of only 90 minutes, which contradicts with
the model speculation. Apparently, the model
simulation must be updated with the observa-
tional facts.

Extensive and comprehensive in situ obser-
vations of the Ice Valley were carried out by
Byun et al. (2004) for April 2003 to May 2004,
showing the typical characteristics of warm
wind holes at the upper slope of the talus. The
warm wind hole was identified by Tanaka et al.
(2000) as the Nakayama Wind Hole in Japan,
and was simulated successfully under the con-
strained air flow in the talus. However, the
characteristics of the warm wind hole were
absent in the model simulation for the Ice Val-

Fig. 1. Location of the Ice Valley in Mi-
lyang, Korea. The talus area is shaded.
The Ice Valley’s ice is located at the bot-
tom of the talus near the 410 m level
marked by a circle (after Tanaka 1997).
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ley, due to the violent overturning of the air in
winter. In this respect as well, the numerical
model must be modified, so as to agree with
the observations.

The purpose of this study is to update the
numerical model simulation of the Ice Valley
by Tanaka et al. (2000), based on the tracer ex-
periments by Tanaka et al. (2004), and the in
situ observations by Byun et al. (2004). We
apply the Nakayama model to the Ice Valley,
assuming a prescribed air route in the talus in
order to represent the characteristics of the
warm wind hole. The model is driven by the
actual outside air temperature, and the param-
eters are adjusted so that the circulation speed
coincides with the observation by the tracer
experiments. It is our goal to understand the
mechanism of the Ice Valley’s ice, which forms
in spring and summer and disappears in fall
and winter, and which grows (shrinks) under
the hotter (cooler) outside air in spring. Section
2 describes the 2D model equations, and the re-
sults of the numerical simulation are presented
in Section 3. Concluding summary for the mec-
hanism of the Ice Valley’s ice is given in Section
4.

2. Description of the model

The numerical model used in this study is
documented in detail by Tanaka et al. (2000),
so a brief description is presented here. Figure
2 illustrates a schematic cross section of the
talus, which is composed of large boulders with
plenty of space where air can penetrate freely.

The Ice Valley’s ice is located at the lower slope
of the talus, specified by the box. An unsatu-
rated capillary zone is formed above the water
table (after Moon and Hwang 1977).

The numerical model for the inclined porous
media consists of: the equation of motion; hy-
drostatic equation; mass continuity; and, ther-
modynamic energy equation for air and the
talus (rocks). It is a two dimensional model
in horizontal (x-coordinate) and vertical (z-
coordinate) directions, and the talus is located
at the lower left corner of the model domain.
The soil (or rock) temperature in the talus is
governed by heat exchange, with the air flowing
into the talus as follows:

nu ¼ �RTa
q ln p

qx
; ð1Þ

q ln p

qz
¼ � g

RTa
; ð2Þ

qu

qx
þ qw

qz
¼ 0; ð3Þ

dTa

dt
¼ � g

cp
w � a

cp
ðTa � TsÞ þ Ka‘

2Ta; ð4Þ

qTs

qt
¼ � aM

cs
ðTs � TaÞ; ð5Þ

where

d

dt
¼ q

qt
þ u

q

qx
þ w

q

qz
: ð6Þ

The variables are air temperature Ta, soil
(rock) temperature Ts, horizontal and vertical
wind speeds u, w, and atmospheric pressure p.
The parameters are specific heat for rocks cs

specific heat cp and gas constant R for dry air,
gravity acceleration g, Rayleigh friction coeffi-
cient n, Newtonian cooling coefficient a, effective
mixing ratio of air to rocks M, and diffusion co-
efficients of the air Ka, respectively.

The momentum equation (1) represents a
balance between pressure gradient force and
Rayleigh friction. The hydrostatic assumption
(2), and incompressibility (3) may be acceptable
for very slow laminar flow of the order 10 mm/
s. In (4) the right hand side represents adia-
batic compression by the vertical motion,
Newtonian cooling relaxing to Ts, and thermal
diffusion. As represented by the right hand
side of (5), the same amount of heat energy is

Fig. 2. Schematic cross section of the
talus composed by large boulders. An
unsaturated capillary zone is formed
above the water table. The Ice Valley’s
ice is located in the squared-box area
(after Moon and Hwang 1977).
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used conversely to warm or cool the rocks, in
order to conserve heat energy. A simple ice
thermodynamics is introduced so that the tem-
perature is fixed at the freezing point when
freezing or melting occurs (see Tanaka et al.
2000). Note that the driving force for the wind-
hole circulation is not the buoyancy of an air
parcel along the vertical coordinate, but a hori-
zontal pressure gradient induced by the tem-
perature contrast.

We assume that the background pressure is
constant at the top of the model domain. Given
a temperature distribution, the hydrostatic
equation (2) is integrated with respect to
height, to obtain the horizontal pressure gradi-
ent in (1). Horizontal wind speed is then diag-
nostically evaluated from the pressure gradient
force.

As in the Nakayama model with the con-
strained flow path, we assume nondivergent, ir-
rotational flow around the vertical wall, defined
by a stream function c by

c ¼ �axz; ð7Þ

where c is zero along the x and z coordinates,
and a is a positive or negative coefficient which

depends only on time. The contour of a constant
c, becomes a hyperbolic function. The wind vec-
tor of u and w is computed from c as

u ¼ � qc

qz
¼ ax; w ¼ qc

qx
¼ �az: ð8Þ

Once the pressure gradient is determined from
the temperature distribution, the coefficient a
can be determined by taking the domain aver-
age of the pressure gradient force in (1) in the
talus.

Figure 3 illustrates the vertical cross sec-
tions of the model configuration, and the ex-
amples of the stream functions for (a) August 7
(day 219), and (b) December 23 (day 357) at
0300 LST. The 2D model domain is given by
NDx ¼ 240 m and NDz ¼ 120 m, with the grid
size N ¼ 40. The lower left and upper right
triangles represent the talus and outer air, re-
spectively. The negative and positive values of
stream function designate downward and up-
ward flows, respectively. In this study, temper-
atures of the cold wind hole, warm wind hole,
and interior talus are represented by the points
at the distance ð192; 21Þ, ð42; 96Þ, and ð90; 45Þ,
respectively as marked by circles in Fig. 3.

Fig. 3. Vertical cross sections of stream function (m2s�1) in the model for (a) August 7 (day 219) and
(b) December 23 (day 357) at 0300 LST. The cold wind hole, warm wind hole, and interior talus are
represented by the points at the distance ð192; 21Þ, ð42; 96Þ, and ð90; 45Þ, respectively, as marked
by circles.
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The stream function corresponds to the typical
depth of the bed rock.

Base on the tracer experiments by Tanaka
et al. (2004), we have adjusted the Rayleigh
friction as n ¼ 15 s�1, to meet the observed
wind speed. The air-rock mixing ratio
M ¼ 0:001, and the diffusion coefficient Ka ¼
4:0 � 10�3 m2 /s2, are determined accordingly,
observing the computational results. Other pa-
rameters are the same as specified in Tanaka
et al. (2000).

3. Ice Valley model experiment

3.1 Annual variation of temperatures
Annual variation of the observed outer air

temperature at the Ice Valley in Milyang, Ko-
rea is plotted in Fig. 4 for 500 days starting
from January 1. Actual data are taken for one
year, from May 1, 2003 to April 30, 2004 (after
Byun et al. 2004), which is used periodically for
the input of the numerical model in this study.
The outer air indicates a large diurnal varia-
tion, and passages of synoptic weather systems
superimposed on the annual cycle. The annual
mean temperature is 11.9�C, with the maxi-
mum 28.1�C and the minimum �13.0�C. The

freezing temperature below 0�C is seen only
for short periods in mid-winter.

Using the observed outer air temperature
in Fig. 4, the model equation is integrated in
time, starting from the initial condition of uni-
form temperature at 0000 LST, May 30, which
is comparable to the annual mean. The time in-
tegration is conducted for more than 1000 days,
with the time step of 60 sec. The outer air tem-
perature over the talus is prescribed from the
observation as in Fig. 4, while the interior tem-
perature of the talus is predicted by the model.

Figure 5 shows the results of the annual vari-
ations of temperature at the cold wind hole
(lower dashed line), warm wind hole (upper
dashed line), and the interior of the talus (mid-
dle solid line) for 500 days, starting from Janu-
ary 1. Day 0 in the plot corresponds to day 580
after the initial condition. Also plotted is the
observed outer air temperature (thin solid line)
in Fig. 4. The overall features are quite similar
to the in situ observations at Nakayama (Ta-
naka et al. 2000), and Ice Valley (Byun et al.
2004).

The temperature of the cold wind hole is
lower than the freezing point in mid-winter. It

Fig. 4. Annual variation of observed outer air temperature (�C) at the Ice Valley in Milyang, Korea,
for 500 days starting from January 1. Actual data are taken for one year from May 1, 2003 to April
30, 2004, which is used periodically for the input of the numerical model in this study (after Byun
et al. 2004).
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keeps a minimum of 0�C till the day 180 (end of
June). This is the period when ice persists in
the cold wind holes. It then gradually warms,
till the day 280 (beginning of October) reaching
13�C.

The warm wind hole shows the same temper-
ature as the outer air during spring to summer,
because it is the air intake. The summer is
the period of cold wind-hole circulation, where
warm outer air comes into the talus from the
warm wind hole, and cooled air comes out from
the cold wind hole. Temperature of the interior
talus is seen between those of cold and warm
wind holes. The warming speed is estimated as
2.0�C/month during summer.

The beginning of October is the time of the
drastic turning point for the wind-hole circula-

tion. Temperature of the cold wind hole inter-
sects with the cooling outer air at about 12�C.
Since the outer air is now colder than the inte-
rior talus, the downward wind circulation is re-
placed by upward wind circulation. The outer
air comes into the talus from the cold wind
hole at the foot of the talus and comes out
from the warm wind hole at the top of the talus.
We will refer to it as the warm wind-hole
circulation.

It is important to note that the colder the
outside air is, the stronger the warm wind-hole
circulation is, blowing warm air from the warm
wind hole, as seen for days 340 to 360. Since
the warm wind hole circulation is the stron-
gest during the night, the temperature of the
cold wind hole during the night is almost the

Fig. 5. Annual variations of model temperature (�C) at the cold wind hole (lower dashed line, TC),
warm wind hole (upper dashed line, TW ), and the interior of the talus (middle solid line, TM) of
the Ice Valley for 500 days starting from January 1. The observed outer air temperature (thin solid
line, T0) in Fig. 4 is also plotted.
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same as the outer air temperature. During
the warmer daytime, in contrast, the upward
wind circulation is reduced, so the warmer air
does not come into the talus, as seen for days
370 to 380. This property is consistent with the
observations by Hwang et al. (2005) for the Ice
Valley, and by Tanaka et al. (2000) for Na-
kayama Wind Hole. Namely, only the extreme
cold in mid-winter can penetrate efficiently into
the talus, as seen for January to February.

As a season progresses, the outer air gradu-
ally warms, and in March another turning
point comes, to reverse the wind-hole circula-
tion. The warm wind hole starts to suck the
outer air. At the same time, the cold wind hole
starts to blow freezing cold air. A very interest-
ing response to the temporal warm weather is
observed during days 100 to 120 (end of April)
in Fig. 5. We can notice that the two lines for
the outer air, and the cold wind hole, vary out
of phase during this period. Namely, the cold
wind hole freezes when the outside warms up
to 25�C. In other words, the hotter the outside
air is, the colder the wind hole is, as docu-
mented for the mystery of the Ice Valley. The
amount of ice certainly increases near the cold
wind hole in the model during this period. The
numerical simulation provides us a great in-

sight about the mechanism of the Ice Valley’s
ice.

Seasonal variation of the estimated ice
amount in the talus is plotted in Fig. 6. The
amount is represented by the number of pixels
multiplied by the area of the grid size along
the cross section. According to the result, the
amount reaches its maximum in February
and decreases monotonically to disappear in
October. Although the amount decreased as a
whole, it is confirmed that new ice forms at a
small fraction near the cold wind hole on day
160, when the outer air warms up. New ice
starts to form on day 356, when the first cold
air outbreak occurs in December.

3.2 Annual variation of wind-hole circulation
Figure 7 shows the annual variation of wind

speed (mm/s) along the stream line at the inte-
rior of the talus for 500 days, starting from Jan-
uary 1. The positive values represent the down-
ward wind, and the negative values represent
the upward wind. The annual variation of the
wind speed is parallel to that of outer air
temperature in Fig. 4. The downward wind of
the cold wind-hole circulation begins at day 80
(mid March) and ends at day 270 (end of Sep-
tember). The maximum wind speed of 17 mm/s

Fig. 6. Seasonal variation of the estimated ice amount (m2) in the talus. The amount is represented
by the number of pixels multiplied by the area of the grid size along the cross section.
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is seen at day 110 (mid April). Since the flow
path is approximately 170 m, the mean resi-
dence time is estimated as 2.8 hours for this
case. The downward wind blows gently, with
about 5 mm/s during summer. The upward
wind of the warm wind-hole circulation begins
at day 270, and ends at day 80 with an excep-
tion for the temporal warming at days 50 to
60. The maximum wind speed of 30 mm/s is
seen at day 25 when the outer air is the coldest.
For this velocity, the residence time is esti-
mated as 1.6 hours. Although the violent con-
vective overturning is forbidden in the present
model, in spite of the unstable stratification in
winter, the mean upward wind in winter is
clearly stronger than that of the mean down-
ward wind in summer.

Using the annual variation of the wind speed,
which represents the non-divergent mass flux
along the constant stream function, we can
evaluate the sensible heat flux, associated with
the wind-hole circulations. Figure 8 illustrates
the net sensible heat flux, evaluated as the
sum of the sensible heat fluxes at the cold and
warm wind holes. The positive value represents
the accumulation of heat energy in the talus.
According to the result, heat energy is accumu-
lated in the talus during spring to summer, in-

dicating the maximum of 600 W/m2, and the
typical value of 150 W/m2. On the contrary,
heat energy is released during winter indicat-
ing the maximum of 900 W/m2, and the typical
value of 300 W/m2. Large amount of heat is
released, i.e., winter cold is accumulated, by
the temporal cold event for days 340 to 360,
and for 385 to 395 in December and January.
The value of 300 W/m2 is twice larger than the
ground heat flux of 150 W/m2 observed at Na-
kayama by Tanaka et al. (2004).

The result quantitatively suggests that the
convection theory represented by the season-
ally varying wind-hole circulations, is sufficient
to explain the mechanism of the Ice Valley’s
ice, which forms in spring and summer. The
present study demonstrates that the violent
convective overturning in mid winter is not
necessary to accumulate the winter cold in the
talus.

3.3 Vertical cross sections
Vertical cross sections of soil temperature in

the model are illustrated in Fig. 9 for (a) April
16 (day 106), (b) August 7 (day 219), (c) October
15 (day 288), and (d) December 23 (day 357) at
0300 LST.

On April 16 (day 106), the freezing area is

Fig. 7. Annual variation of wind speed (mm/s) at the interior of the talus for 500 days starting from
January 1.
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seen at the lower end of the talus, as marked by
square symbols. Uniform 0�C area implies exis-
tence of ice. Outer air temperature is about
14�C. It is just after the onset of the downward
flow. The left half of the talus is warmer than
the right half of the talus, and the warming
area gradually expands downward from the up-
per part of the talus.

On August 7 (day 219), the outer air is about
22�C. The downward flow is in full strength.
The upper talus is heated to more than 20�C,
and the warming area keeps expanding down-
ward. Still, a cold area with ice remains at the
lower end of the talus.

On October 15 (day 288), the outer air cools
down to 15�C. The cold area seen at the lower
end of the talus has disappeared. The interior
talus has been warmed during summer, which
is now cooled from the surface of the upper
slope of the talus. The warm belt is formed
about 10 m depth from the surface. An isolated
cold area, of 4�C, is seen at the bottom of the
model domain, near 160 m distance. As the up-
ward flow intensifies, the talus is cooled from
the lower surface.

On December 23 (day 357), the outer air tem-
perature cools down to about �3�C. The cold
outer air is sucked from the lower surface of

the talus by the upward wind. The freezing
area appears at the lower surface, and expands
into the talus, pushing the warm air at the left
side of the talus. The cold air undergoes strong
warming as soon as the air comes into the
talus, due to the large temperature gradient.
The relative humidity would drop rapidly as
the cold air moves into the talus. Snow or ice
near the surface would soon disappear by the
sublimation under such a dry condition as men-
tioned by Byun et al. (2006). If there is no water
or ice by the sublimation, the temperature goes
down below the freezing point, to accumulate
the winter cold into the dry rocks.

Figure 10 illustrates the vertical cross sec-
tion for January 25 (day 391), when the outer
air is the coldest, �13�C. The freezing area ex-
pands into the lower talus and the temperature
distribution shifts to that of April 16 (day 106)
described above. It is demonstrated that the
winter cold is accumulated effectively in the
talus during the event of the cold air outbreak
in a short time. The result described in this
subsection is basically similar to that of the
Nakayama model, discussed by Tanaka et al.
(2000), although the model is driven by the ob-
served outer air temperature at the Ice Valley
in Korea.

Fig. 8. Annual variation of the net sensible heat flux (W/m2) for the talus evaluated as the sum of
the sensible heat fluxes at the cold and warm wind holes for 500 days starting from January 1.

December 2006 H.L. TANAKA et al. 1081



4. Concluding summary

The Ice Valley in Korea is a famous summer
resort, where natural ice forms in spring and
summer, and the ice disappears in fall and win-

ter. It is interesting to note that the hotter the
outside air is, the larger the ice grows in spring,
as documented by Kim (1968). The mysterious
behavior of the summertime ice has been ex-
plained by a series of numerical experiments

Fig. 9. Vertical cross sections of soil temperature (�C) in the model for (a) April 16 (day 106), (b)
August 7 (day 219), (c) October 15 (day 288), and (d) December 23 (day 357) at 0300 LST. Square
symbols represent the location of ice in the model.
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by Tanaka et al. (2000) in terms of the convec-
tion theory, with the seasonal reversal of wind-
hole circulations.

However, the subsequent tracer experiments
of the wind-hole circulation by Tanaka et al.
(2004), showed that the wind speed in the talus
is about 26 mm/s, which is on order of magni-
tude larger than that inferred by the model ex-
periments. Moreover, the comprehensive in situ
observations at the Ice Valley by Byun et al.
(2004), found that there are persistent warm
wind holes during winter, which contradicts
with our former Ice Valley model. In the former
Ice Valley model, the active overturning of the
unstably stratified air in the talus resulted in
too much freezing of the entire talus, destroy-
ing the persistent warm wind hole. The charac-
teristics of the observed warm wind holes at
the Ice Valley are rather similar to the result
of the Nakayama model, where the wind-hole
circulation is constrained along a fixed stream
line. For these reasons the Ice Valley model is
updated in this study, based on the new find-
ings by the in situ observations.

In this study, numerical simulations of the

wind-hole circulation at Ice Valley in Korea
are conducted using a simple 2D model, which
is driven by the annual march of the observed
air temperature. The result of the simulation
is compared with the in situ observations at
Ice Valley in Korea (Byun et al. 2004), and at
Nakayama in Japan (Tanaka et al. 2000).

According to the results of the numerical sim-
ulations, the summertime wind-hole circulation
intensifies the downward flow when the outside
air is getting hot. The downward flow transfers
the cold accumulated in the talus to the outlet
of the cold wind hole. As a result, the intensi-
fied cold advection grows the ice when the out-
side air is getting hot.

In contrast with our former simulations, we
demonstrated that the wind hole circulation
reaches 17 mm/s in April, and the residence
time of the air in the talus is about 2.8 hours
for this case. It is found that the seasonal rever-
sal of the wind hole circulations acts as a ther-
mal filter, which accumulates only the winter
cold in the talus, and the accumulated cold
grows the springtime ice of the Ice Valley. We
may say that the ice of the Ice Valley is no
longer a mystery. This study has demonstrated
that the violent convective overturning in mid-
winter is not necessary to accumulate the
winter cold in the talus.

The results of the present study are, how-
ever, sensitive to the model parameters, and
still contradict with observations in the persis-
tence and steadiness of the warm wind hole
in winter. The assumption of the hyperbolic
stream function must be modified by geological
investigations. The actual Ice Valley has a
3D flow pattern with effective convergence of
downward flow near the outlet of the cold wind
hole. The 3D features of the complete Ice Valley
model may be the future subject of the numeri-
cal model simulation. It is desired also to per-
form observations for the interior of the talus
by digging a hole in order to support the model
speculations. Finally, the role of surface radia-
tion, moisture, condensation, and evaporation,
which have been ignored in this study, must be
considered in a future study.

Acknowledgments

The authors appreciate the staff and stu-
dents at the Pukyon National University for
the support of the observations at the Ice

Fig. 10. Vertical cross sections of soil
temperature (�C) in the model for Janu-
ary 25 (day 391) at 0300 LST when the
outer air is the coldest in a year with
�13�C.

December 2006 H.L. TANAKA et al. 1083



Valley. The study is supported by the Interna-
tional Arctic Research Center (IARC/UAF) and
by Asahi Breweries Foundation. The first au-
thor acknowledges Ms. Honda for her technical
assistance. The third author was supported by
the Korea Meteorological Administration Re-
search and Development Program under Grant
CATER 2006–2306. The authors are also grate-
ful to Miryang city for providing conveniences
to observe.

References

Bae, S.K. and Kayane, I., 1986: Hydrological study
of Ice Valley, Korea. Ann. Rep., Inst. Geosci.,
Univ. Tsukuba, 12, 15–20.

Byun, H.-R., K.-S. Choi, K.-H. Kim, and H.L. Ta-
naka, 2004: The characteristics and thermal
mechanism of the warm wind hole found at
the Ice Valley in Mt. Jaeyak. J. Korean Meteor.
Soc., 40, 453–465.

——— and 22 persons, 2006: Study on the mecha-
nism of the summertime icing on the Ice-Valley.
Miryang city Kyeong-Nam, Korea, 402 pp.

Hwang, S.-J. and S.-E. Moon, 1981: On the summer-
time ice formation at Ice Valley in Milyang,
Korea. Abstracts in Spring Conference, Geo-
graphical Soc. Japan, 19, 218–219.

———, K.-S. Seo, and S.-H. Lee, 2005: Study on ice
formation mechanism at the Ice Valley in Mi-
lyang, Korea. J. Korean Meteor. Soc., 41, 29–40.

Kim, S.-S., 1968: On the ice-formation at the ‘‘Ice-
Valley’’, Milyang Koon, Korea in summer sea-
son. J. Korean Meteor. Soc., 4, 13–18.

Moon, S.-E. and S.-J. Hwang, 1977: On the reason
of the ice-formation at the Ice-Valley, Milyang
Kun, Korea in the summer season. Pusan Na-
tional University, Paper Collections, 4, 47–57
(in Korea with English abstract).

Song, T.-H. 1994: Numerical simulation of seasonal
convection in an inclined talus. Proc. 10th Intl.
Heat Transfer Conf. Brighton, UK. Vol. 2, 455–
460.

Tanaka, H.L. 1995: Mysterious ice valley in Korea
where ice grows during the hottest season.
Tenki, 42, 647–649 (in Japanese).

——— 1997: A numerical simulation of summertime
ice formation in the Ice Valley in Milyang, Ko-
rea. Geogr. Rev. Japan, 70A-1, 1–14 (in Japa-
nese with English abstract).

———, Moon, S.-E., and Hwang, S.-J. 1998: Mysteri-
ous ice valley in Korea where ice grows during
the hottest season. Tenki, 45, No. 11 Color
Pages, 3–4 (in Japanese).

———, ———, and ——— 1999: An observational
study of summertime ice formation at the Ice
Valley in Milyang, Korea. Sci. Rep., Inst. Geo-
sci., Univ. Tsukuba, 20, 33–51.

———, D. Nohara, and M. Yokoi, 2000: Numerical
simulations of wind hole circulations and sum-
mertime ice formation at Ice Valley in Korea
and Nakayama in Fukushima, Japan. J. Me-
teor. Soc. Japan, 78, 611–630.

———, N. Mura, and D. Nohara, 2004: Mecha-
nism of cold air vent at the Nakayama wind-
hole in Shimogo, Fukushima. Geogr. Rev.
Japan, 77, 1, 1–18 (in Japanese with English
abstract).

1084 Journal of the Meteorological Society of Japan Vol. 84, No. 6




