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Table 1.
temperature for 2008 and elevation

Representative observatory,

mean

Mean temperature Elevation

Prefecture ~ Observatory for 2008 [degree €] [m]
Hokkaido Monbetsu 6.7 16
Aomori Rokkasho 9.4 80
Iwate Tono 10.0 273
Nagano Tateshina 10.3 715
Akita Iwamisannai 10.6 41
Yamagata Oguni 10.8 140
Fukushima Funehiki 10.8 421
Miyagi Zao 11.4 112
Tochigi Imaichi 11.7 414
Gunma Nakanojo 12.1 354
Yamanashi Furuseki 12.2 552
Gifu Hagiwara 12.6 425
Niigata Maki 13.2 2
Ishikawa Nanao 13.5 58
Nara Kamikitayama 13.5 334
Toyama Tonami 13.7 69
Ibaraki Mito 13.9 29
Okayama Fukuwatari 14.1 63
Tottori Iwai 14.1 19
Shimane Tsuwano 14.2 165
Hiroshima Hongo 14.2 331
Shiga Torahime 14.5 90
Fukui Harue 14.5 5
Saitama Tokorozawa 14.6 119
Kyoto Maizuru 14.8 2
Tokushima Anabuki 14.8 160
Hyogo Miki 15.0 145
Shizuoka ~ ikugawa- 15.0 191
makinohara
Yamaguchi Iwakuni 15.1 70
Chiba  Yokoshibahikari 15.1 6
Aichi Okazaki 15.6 47
Mie Toba 15.6 2
Kumamoto Mashiki 15.6 193
Kanagawa Odawara 15.6 28
Oita Bungotakada 15.8 5
Kagawa Hiketa 15.8 12
Wakayama Kawabe 15.8 84
Osaka Hirakata 16.0 26
Ehime Saijyo 16.0 4
Saga Kawasoe 16.1 2
Kochi Gomen 16.4 12
Nagasaki Ishida 16.5 12
Fukuoka Dazaifu 16.6 27
Miyazaki Miyakonojo 16.6 154
Tokyo Oshima- 16.7 38
kitanoyama
Kagoshima  Nakakoshiki 18.3 10
Okinawa Ashimine 23.7 3

IS, BEfEOMFSE T, WASEARIERIC L 2 E b
a O L Hb A E B X HORE AR R 4R L SRS S O 5 I
WETDZ BN TNDZ ENE (5, 2009),
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Fig.1 Time series variation of frozen zone and Freeze and
thaw index from a) Nov.1 to May.1, b) Jan.10 to Jan.20
on a slope facing south using the meteorological data for
Okayama Prefecture. D = 0.88[m] expresses newly

created sediment layer due to freeze and thaw action.
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Fig.2 Distribution of freeze and thaw index across the
Japan islands calculated using a) present temperature
data, b) 2 degree C higher than present one on slopes

facing south with an angle of 45 degree
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Fig.3 Distribution of the difference of freeze and thaw

index between hypothetically 2 degree C higher
condition than present condition and present condition on

slopes is facing south with an angle of 45 degree.
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Fig.4 Time series variation of frozen zone and Freeze and
thaw index of Hokkaido, using a) present temperature
data, b) 2 degree C higher than present one on slopes

facing south with an angle of 45 degree.
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Fig.5 Distribution of sediment production across the
Japan islands calculated using a) present temperature
data, b) 2 degree C higher than present one on slopes
facing south with an angle of 45 degree. The amount of
sediment production is obtained assuming the layer of
weathered bedrock which experiences 10 cycles of freeze

and thaw action becomes sediment layer.
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Fig.6 Distribution of the difference of sediment
production between hypothetically 2 degree C higher
condition than present condition and present condition on
slopes is facing south with an angle of 45 degree. The
amount of sediment production is obtained assuming the
layer of weathered bedrock which experiences 10 cycles

of freeze and thaw action becomes sediment layer.
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Fig.7 Distribution of freeze and thaw index across the
Japan islands calculated using a) present temperature
data, b) 2 degree C higher than present one on slopes

facing north with an angle of 45 degree.
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Fig.8 Distribution of the difference of freeze and thaw
index between hypothetically 2 degree C higher

condition than present condition and present condition on

slopes is facing north with an angle of 45 degree.
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Fig.9 Distribution of sediment production across the
Japan islands calculated using a) present temperature
data, b) 2 degree C higher than present one on slopes
facing north with an angle of 45 degree. The amount of
sediment production is obtained assuming the layer of
weathered bedrock which experiences 10 cycles of freeze

and thaw action becomes sediment layer.
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Fig.10 Distribution of the difference of sediment

production between hypothetically 2 degree C higher
condition than present condition and present condition on
slopes is facing north with an angle of 45 degree. The
amount of sediment production is obtained assuming the
layer of weathered bedrock which experiences 10 cycles

of freeze and thaw action becomes sediment layer.
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Fig.11 Time series variation of frozen zone and Freeze
index of Hokkaido,

temperature data, b) 2 degree C higher than present one

and thaw using a) present

on slopes facing north with an angle of 45 degree.
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Fig.12 Relation between freeze and thaw index and
sediment production across the Japan islands. The
amount of sediment production is obtained
assuming the layer of weathered bedrock which
experiences 10 cycles of freeze and thaw action

becomes sediment layer.
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Influence Evaluation of Global Warming on Freeze and Thaw Process of Bare Slopes in Japan

Hiroaki IZUMIYAMA¥*, Daizo TSUTSUMI and Masaharu FUJITA
* Graduate School of Engineering, Kyoto University

Synopsis

To elucidate the effect of the freeze and thaw action on sediment production, a thermal conductivity
analysis is conducted. Considering heat balance at a ground surface in this analysis, meteorological data,
which are commonly observed, are used for input data. To analyze the current effect of freeze and thaw
action on sediment production through the Japanese islands, meteorological data which is representative for
each prefecture is selected. Moreover, the hypothetically 2 degree C higher air temperature than the present
one is also used to investigate an impact of future climate change on freeze and thaw action. As a result,
distributions of effect of freeze and thaw action are obtained across the Japan islands for both the present and
hypothetical future climates. It is predicted that sediment production due to freeze and thaw action may
decrease by the simple temperature rise.

Keywords: Freeze and Thaw Action, Bare Slope, Weathered Bedrock, Global Warming
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