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Fig. 1

Annual variations in temperature of the outer air (gray line), cold wind

holes (black lines), and warm wind hole (dark line) from the end of
February 1998 to the beginning of July 1999 (after Yokoi 1999)

The abscissa denotes the month with 15-day intervals.

The black lines are the combined

observations at the second, third, and fourth protection areas.
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Fig. 2

Locations of the Nakayama wind-hole in Shimogo, Fukushima

The six protection areas and the C wind-hole are marked by closed areas. Locations of
Sekichu-no-oka, Tenbou-dai, Kanatsuka-sou, and warm wind-hole are marked on the map.
(base map from the Shimogo Education Committee Report 1998).

e XHT 2720103, —BOBNEEDEREN
WETHB. cEZ1F, BERCRBEP SRVAZE
NIASBEBICBERD SHT VB E S s
FENTVWBEDITIREY., IhE COMBEERD
ERTE, AXDPRVIATNTLLHTL 2ETO

IEEMIEN 2B Th o, FIHHER I mm/s 2
BEThsLiffEsNTVWE, Lil, ThiEiFd
BEIBEBEENBON TV I TREV., &
BREENEE 5V EEHNICER SN2 BEHE
MTEI, T, BERJBERD SAKET A



Mt. Nakayama

Summit 856m

W™

Warm Wind Hole
630m

/

Tracer Experiment

Talus

- Debris Avalanche Scree

4| Tohnohetsuri-layer
(Green Tuff)

Yunokami-layer ”

Quartz Andesite

v
\Y .
Cold Wind Hole | v
v v/ |
] v
v v |
“““““ |
\
100 m |
v = = T ' Y
\ | w s > o .T - =
| !
0 500m | u " " o v
K3 B & C B R OB E 5 #if2 O $hE Wi O #HEERX
b L= —EBZN v F R FILLEORB (630 m) &ILEOBER (540 m) ORITT- 7.
(5 (1999) & v 5 |FHNE).
Fig. 3 Vertical cross-section (speculation) from the summit of Nakayama toward the C wind-hole

and to the Aga River (after Yokoi 1999)

The tracer experiment was conducted between the warm wind-hole (630 m) and the C cold wind-hole (540 m) at the

hatched slope of the talus.
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Fig. 4

Time variation in the CO, concentration (difference from the reference state)

measured in mV (left) and in Pa (right) at the C cold wind-hole on May 30,

2001

The triangle at 12 : 30 indicates the time when 30 kg of CO; was released at the C warm wind-hole.
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Time variation in the CO, concentration (difference from the reference

state) measured in Pa at the C cold wind-hole on July 8, 2001
The triangle at 10:30 indicates the time when 20 kg of CO; was released at the C warm

wind-hole.
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Fig. 6 Distribution of warm wind-holes (black dots) and suction area
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The inset details the area of Sekichu-no-oka. The protection areas are marked by closed

curves. The symbols A to D represent locations of warm wind-holes shown in Fig. 7.
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A: northwestern side of Sekichu-no-oka B: top of Sekichu-no-oka C: western

side of Sekichu-no-oka D: foot of an electric power pole near Kanatsuka-sou

See Fig. 6 for locations.
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Fig. 8 Warm wind-holes at Sekichu-no-oka
where new snow has been partially
melted by the warm air vent from the
ground

The new snow remains where there is no warm air vent.

(photo is taken on December 28, 2001).
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Fig. 9 Diurnal variation of surface heat flux at the top of
Sekichu-no-oka during December 4 to 5, 2001
a: on the warm wind-hole b: beside the warm wind-hole without the
ventilation
The lines denote net radiation (Rn: solid line), sensible heat flux (H:
dashed line), latent heat flux (LE: dotted line), and ground heat flux (G:
dot-chain line).
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Mechanism of Cold Air Vent at the Nakayama Wind-hole in Shimogo, Fukushima

TANAKA, H. L.*, MURA Noriko**, and NOHARA Daijsuke***
(*Institute of Geoscience, University of Tsukuba, **Japan Meteorological Agency,

***Terestrial Environmental Research Center, University of Tsukuba)

The Nakayama wind-hole in Shimogo, Fukushima, is a famous natural monument where cold air
vents from the foot of the talus along the mountain during summer. The wind-hole with various
species of alpine plants is a wellknown tourist attraction, but has been decaying in recent years. The
local government has replanted the surrounding forest to protect the natural monument. However,
protection efforts might result in further destruction if we do not understand the mechanism of the
wind-hole well. The first step in protecting the important natural monument is thus to understand
the mechanism of the cold air vent at the Nakayama wind-hole.

In this study, we carried out extensive in situ observations of the wind-hole in both summer and
winter in 2001. In summer, cold air blows from the cold wind-holes at the foot of the talus. It has
been inferred that the air inhaled at the warm wind-hole up the slope cools in the talus and blows
out from the cold wind-hole. To confirm this speculation, we conducted a tracer experiment using
COg, which is harmless to the environment. As a result, it was found that the air inhaled at the warm
wind-hole is exhaled from the cold wind-hole 140 m downslope only after 90 minutes. Based on the
resulting mass flux of 2.6 cm/s and the known cooling rate of the air, we found that a total of 4 X 102

J of thermal energy is stored in the talus during summer.



In winter, on the other hand, warm moist air blows from the warm wind-holes at the top of the
talus. Using thermographic instruments, we found that such warm wind-holes are located
ubiquitously at high altitudes, especially around Sekichu-no-oka. We measured the surface heat
budget at the warm wind-hole and found that 150 W/m? of heat flux arises from the underground
section of the talus. The heat flux is multiplied by the total area of the warm wind-holes, and a total
of 5102 J of thermal energy is released from the talus during winter. The result is consistent, at
least in terms of the order, with the amount of heat accumulated during summer.

Hence, we conclude that the cold air gently blowing from the cold wind-hole during summer can
be quantitatively explained by the cold accumulated during winter. Convective overturning under
the unstable stratification in winter and stable stratification in summer behaves as an effective
thermal filter which accumulates only cold in the talus. This mechanism of a natural thermal filter is
essential to maintain the cold air vent from the wind-hole during summer. Based on this conclusion
regarding the mechanism of the wind-hole, we suggest cutting trees and opening vents around the
warm wind-holes after identifying them thermographically to protect the important natural

monument of the Nakayama wind-hole.

Key words: cold air vent, wind-hole, Nakayama wind-hole, tracer experiment, surface heat budget,

thermography



