== C g AN\D

4

Agriculture and Landslide
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Landslide areas are distributed throughout the hilly and
mountainous areas of lapan due to the steep topography and large
amount of rainfall. However, the distribution map shows several
particularly dense landslide zones.

The relatively flat areas in these zones have been used as paddy
fields, dry fields and farmhouses.
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Natural features of Japan are characterized by a lot of rain and wide distribution of steep mountains with torrential rivers because Japan is located in
the Asia monsoon area, the circum-Pacific volcanic belt and the circum-Pacific seismic zone, where volcanic activities and seismicity have created steep
terrains. The geology of Japan shows the zonal distributions of schists that are mainly distributed on the Pacific side and Tertiary formations that mainly
consist of mud, sand and tuff on the Sea of Japan side. Fissile materials in these strata are the primary causes of landslides.

These geographical features induced the ancient lapanese in the Yayoi period (500-200B.C) to start rice-farming using rain and river water, because

abundant water is needed to cultivate rice in paddy fields. Archaeologists have revealed that landslide areas have been cultivated from very early times
due to their fertile soils and good irrigation conditions.
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2. d ADDP | EnsiE ; Hilly and Mountainous Area

EHFOINZEIN S UREICEDPUEBEE L ENDitEd. BEXOERSDICHBL. EBLONT7EIOE
BEOH, BADDK1 4% BELTNET., PUMBEOREQD, ERiIZIFEL >EREADERN
EMRNZREZRMIDICEFNBRENDOFID, FHICENTREIIBEOBRROTEEREZFALE
SREDHFROEMOEECEL CNET, PLUBMEET, RRFPH. MibtERE. REMELEERTEEON4E
HEHHTNET,

Hilly and mountainous areas (HMAs), where 14% of Japan's population lives, occupy about 70% of the total area of Japan. The main occupation in
HMA is agriculture, HMA is disadvantageous for agriculture because of their limited flat land for cultivating. Nevertheless, farmers produce more varied
crops using the cooler climate or large temperature differentials between night and day than they do in the plain area. HMAs account for about 40% of all

farm households, cultivated land and total agricultural output in Japan.
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Landslide areas grow the tasty rice
under the condition which has large
temperature differentials between night
and day during the ripening period.
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Farmers sell their products, such as
flowers, pumpkins and tomatoes, cropped
in HMA.
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HRIKDEZE ; The Influence of groundwater on landslides
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Generally, some rainwater runs off on the surface of the ground, and others percolate into the porous soll (or rocks fissures), and flows downward as
groundwater. It is thought that a heavy rain may cause a landslide to occur by abruptly raising the groundwater level and pore water pressure through

intensive percolation.
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Latent slip surface
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In Japan, a total of 840 thousands ha are classified as landslide hazard zones, which affect socio-economic activity and require appropriate
countermeasures. About 160 thousands ha of this are cultivated, about half of which is paddy field. The Japanese government enacted the Landslide
Prevention Law for land conservation and public welfare in 1958, This law identifies and designates possible hazard landslide areas where pond
development and land improvement are restricted. Everybody concerned is notified of these areas. There are 7,000 districts (320 thousands ha) that are
possible hazard areas. An annual budget of about 77 billion Landslide areas are distributed throughout.
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Mitigation of landslide occurrence by farming of rice
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A few cracks at the crest of a landslide mass are formed in the early stage of a landslide. The cracks often deepen to and play a role as a conduit of water
into the ground. Water intruding after a heavy rain accelerates the movement of a landslide. However, water management and maintenance of banks for
farming in paddy field usually fill most of the cracks before movement can occur. Consequently, paddy field farming acts to mitigate the risk of landslide.

HEEIC K DRRSRZKDZBERSLE ; Function of plow pan
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The structure of a typical paddy field consists of plow layer and plow-pan. The plow layer is soil for growing the rice. The plow-pan is an artificial
compacting semi-impermeable layer that underlies the plow layer and prevents the leaking of irrigation water. The plow-pan ensures that the rate of
percolating water and groundwater level are constant. Even it rains heavily, the rate of percolation through the plow pan into groundwater is constant,
ensuring that the groundwater level does not rise to the level that can trigger a landslide.
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ERIEIC BIT DEEZEE ; Cost of mitigation of landslide occurrence by rice farming
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Although field crops from HMAs, including landslide areas are of good quality, there is a major restriction on farming in HMA: much labor is needed to

manage water and maintain banks for farming because the topography inhibits the introduction of mechanization. Annual labor time per 10a for paddy
field in HMAs is 3 times higher than the 26 hours in flat land.
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Risk analysis
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The Ministry of Agriculture, Forestry and
Fisheries (MAFF) studied the relationship W SEFEREEE - Landslide risk
between landslide occurrences in abandoned
fields and cultivated paddy fields for 26 years
(1967 1992) in Maki village, Niigata prefecture,
central Japan. Tertiary mudstone underlies the
entire village. Terrace paddies are commonly
found along the river. The Landslide Prevention
Law designated three- quarters of Maki village
as possible landslide hazard areas. We
assumed that natural conditions of landslide
occurrence are uniform all over the village for
our statistical analyses of landslide occurrence. 0 < x <10% 10% < x < 50% 50% < x

Landslide blocks were identified and the HEMEDEIS : Rate of abandoned field ()
fluctuation of the distribution area of paddy mrE aa *
fields and abandoned fields for 26 years was
traced by aerial photograph interpretation. As a result, the rate of landslide occurrence is 0.56%/year for cultivated land, 1.62%/year for cultivated land
partially abandoned and 2.03%/year for almost abandoned farmland. The rate of landslide occurrence is 3-4 times higher on abandoned farmland than on
cultivated land.
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The groundwater level of two investigation wells, one each in abandoned farmland and cultivated land, were monitored in order to evaluate the plow

pan's function of controlling the percolation of rainwater and maintaining constant groundwater level after rain. The result showed that fluctuation of
groundwater level in cultivated land is less than that in abandoned farmland.
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The increasing rate of landslide occurrence in Japan has been tentatively estimated based on the data of Maki village. Simulation assuming that all
farmland in HMA is abandoned and water management is not carried out showed that the risk of landslide occurrence would increase from 160 thousands ha

to 540 thousands ha in area. The number of landslides would increase from 151 to 1,851, and a budget of 478 billion yen/year would be necessary for
restoration and prevention works.
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Paddy rice systems in the Asian monsoon region of Japan have been a sustainable production system for the last two thousand years. Although the
area of rice cultivation has decreased from 3 millions ha in 1965 to the present 1.7 millions ha and the decrease in HMA has been especially remarkable,

the system has many non-agricultural functions for land protection such as landslide prevention, which we need to understand, utilize, and pass down to
future generations.
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