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Summary

The Mid Niigata Prefecture Eathquake (MNPE) ha brought about immense damages to the Japanese
traditiond agricultural community.The study aea iswell knownfor its landslide vulngbility, and lies on the active
fault zone that diides the Japanessland. Sidy wascaried out at Yamakoshi \fage, an itermountain agcultural
regon thd is situded above théault plane. Figl suveys, intepretdion d high-resolution agal photos and analysis
of locd topogaphy using highresolution DEM data we peformed for the study eea. Follaving results wee
obtained by inesigating therelationship between éal topogaphy and agcultural landuse pactices, and ethquake
led damages on &gultural fields.

Damaged eea is a hilly moutainous aea whee complexformation d smdl ridges and valleysra presert. In
such places, maessing local topography, aadtitional complexfarming: arangements d paddy terace ad
cap-breeding ponds alteately o block-wise, have been adopted. Sedimeisastes led by the e#hquake ee
predominamin the aea. Damagesra mae sevee and significant at paddyrtaces and ¢a-breeding ponds thavere
corstructed at depession (concavity) fathe valleys. The damageredurther escalated by snow and snown of that
presumably occured duing the following winter after the MNPE.

In the context blocal topogaphy d the study eea, agicultural lands withfavarable soil and wateconditions
tend to have high potéality for eathquake sfferings. Developments on agcultural landuse planimg thd help in
bringing disaste prevention a requred

Thisrepat peformsretouch and avectionin the areadyreleased pap® in part, andtranslatest into English.

Key Word: Mid Niigata Prefecture Earthquake, Far mlands damage, Traditional landuse,
Topographical feature, Sediment-related disasters

1. Introduction huge sedimentelated dsasters in the agcultura fields.
The Mid Niigaa Refedure Eathquake (MNPE), In addition, heavy sndalls (mae than 2 mets in
which occured on Octobe?23, 2004 ugh about an  depgh) and snowrunoff soon &er the earthquake also
unprecedented disasteto the agcultural fields d did triggeed seveal slope failures, povoking soil
Chuuetsu ditrict in Niigata prefecture. Although this  erosion and soilrundf; as aresult, sedimerrelated
regon was expeendng frequent slope failures, disasters on thefarmlands have accountédrther more.
lancslides due to its topogplic featues and heavy This study mainly deals on the details of the
snowfalls in theregion, traditionhagicultural practices: catastroptc damages occred in the agcultura fields
farming on steep slopes, developrhand expansionfo by the MNPE. Sewely damagedraas wee investigatd
cap breedingponds had been kept onigg. The MNPE by carying outfield suveys, and by intemgting aeial
geneated innumeable sinkings and acks ove the  photos taken soonfter the MNPE. The study has also
farmlandsaswellas numerous  slopdailures and attempted to assess thdlirences blocd topogaphy on
landslides in and aoundtherice terraces. Andt was led the complex landuse arigrming practices in theegon.
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We tried tospeculate the relationship between the local

topogaphica featues and traidiond landuse praeces
in theregion using Digal Elevation Model (DEM) and
orthorectified images in Geagphiclnformaion System
(GIS).

2. Study Area

The damagedreaa that is stick by theMNPE
locaes nea the coastal side of the Japan&sa Fig.1).
Exduding lowlying flat areas aound Shinano Riveand
Japanese Sea, ntod the region consist mouainous
area, with heavy snofall in winter. Most of the
damaged meas arelocated in the villages whe
traditional agiculture is pevalent. Sewely danmaged
areas @ locded in the moutainous slope wire
ricelpaddy teradng is canmon and widly practiced.
Apart from these, seval cap-breeding pondsre al®
locaed in theregon, as well knowrior varicolored-carp
culture farming.

The drect cause fo the disaste on the
farmlands is due to the ehquake that scaled the
magrtude d 6.8 (Japan Meteologicd Agency
Magnitude). While examining the ethquakedamaged
farmlands, we considedfollowing threefactors:

1) Influences ofocd topogaphy onfarmlands damags.
2) Expansion b damages by snow and snawndf
during the following winter after the MNPE.

3) Impads o the complex landuse, coexistenderice
terracing and cg breedingponds, on mouainous

slope.
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Japan Sea -3 &

g,,

e

StUdy area

“Fig.ll

Two settements, namely Okubo ar#etan of
Yamakashi village in Nagaoka city, we selectedor the
study. These sdtmerns have a typical agultural field
and the pactice in Chuuesu dstrict. The sevee
damages caused by the MNPE hdoeced the settls to
refugefrom ther homes and lands. Disastelief works
andrestorgion d thesdtlemensarein progress.

3. Methods and Materials

The fundamerdl appoach ¢ the stidy is shown
in Fig. 2.

Firstly, the detailed landuse and typésiamages
at evey farmland plot within the study rea wee
investigated byfield suvey caried out in July, 2005.n
the invesigation, agicultural landuse pactices wee
categoized into thiee typs: paddy field, upland and
irrigated @ cap-breeding pond. Similky, damages we
also categorizedinto three types: present o absent b
damage, kindof damage, andrgde (degee) d damage

Secondly, an intpretation ¢ aeial photogaphs
was peformed in order to iderf the details of the type
of landuse padices and damages on sodteaMNPE.
Therefore the adal photogaphs taken in aumn 2002
and on 7th Mvembe 2004 wee athorectified using a
high-resolution (20cm gds) duital
(DEM), and usedor idertifying farmland damages and
changesfderationin the farmlands.

The resits obtained fronthe field suveys and

elevation data

interpretation & orthorectified then

images we

Before MNPE
Field Surveys

(May,2005~ )

Degital

Aerial photos

Soon after MNPE

l

Observation of
farmland damages,

Direct damages to the
farmland by MNPE

Topographical
features

agricultural landuse

Ead

Expansion by snow &
snow runoff

Local land form

1

=) Geophysical
Information System
(GIS)

Analysis among landuse,
topographical features and farm damages

Fig. 2 Approach of the study
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summaized and incgporated into the geo-database
using GS tods.

4. Results and Discussions
4.1 Formation of farmlands

The topogaphicfeatues d the study eea wee
extraded using DEM data (5a6m gid). Each gid is
classified by pofile cuvatuwe and contou cuvatue
(Troel?,
ridges ; convex valleysand concave valleys we
extraded for the study aea fig. 3). These four
topogaphicfeatues wee further categoized accoding
to the slopesgentle and steep. The spatial diition o
the topogaphic featves d the study eea is pesented in
Fig. 4. The study eea has a complex topaphy
with many undudting hils and streans.

lwahasi et al®): convex ridges; concave

4.2 Traditional Land use
The spatial distbution of agicultural
landuse in thestudy aea is shown irFig. 5. More
than 600 plts d farmland ae situaed in the study
area. The numlis o paddy plots, carp-breeding
ponds and upand plds ae >200, >200 and >100,
respectivey. The othe plots cove the degaded and
The study rea has

compaatively many paddyfields; coveing appox.

abandoned farmlands.
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53% d the tdal area, wheeas, cgp-breeding ponds

and upland cowe 35% and 7% f the aea,

respectivey. Despite of having Uavaable
agricultural conditions in such motainous aeas,
coveaage ¢ cap-breeding ponds is largas one b
paddy pldés. Such traidional landuse andrpctices
have been contiring since past

Most d the farmlands & located at the

concave valleys, convex valleys and convielges
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of the getle mounain slopes. FHanlands & steep
mourtains ae hadly locaed. Abou hdf of the paddy
plots and lbeeding pondsra situated neahe valleys,
whereas, upland, degded land and abandoned land
are situated awayfrom the valleys. Especially, more
degaded and abandoned landee docded nea the
ridges o atconvex contours

Most of the paddy plts and cgp-breeding ponds
are construted eithe dternately or by blockwise. In
some cases, paddy psoand cgp-breeding ponds ra

Fig. 4 Spatial distribution of topographical features

one féer the othe in a
sequence,from ridge to valley forming a terace
landscape. In othe cases,

constucted altenately i.e.,

they ra construted
i.e., maing Hocks d paddy fields and
cap-breeding ponds, sepsdy. Cap-breeding ponds
are geneally located at the downrstam of valleys, and
only few do exist at/neahe headwater.

block-wise,
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Fig. 5 Distribution of landuse in the study area

desolated and abandoned;
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4.3 Farmlands Damages soon after the MNPE

The damageo the farmlandsthat were estimated
on soon #er the MNPEfrom highresoldion images is
shown inFig. 6. In Fig. 6, seven types foestimated
damages and corage d huge massailure tha seemed
to have atibuted in the farmlands dsaster, ae
presented.

The degee d damage (slight to lessgceived by
thefarmlands soonféer the MNPE, & high in numbies
as well as in @eas.If the degee d damage (less to
modeate) is conslered, the numbs o the damaged
farmlands become 306 pf) and the @a becomes me
than half é the totalfarmlands.It suggests mo<f the
farmlands haveeceived modeate damages. Othglots
extraded as “nedamage b absent b damage” showed
less aveage @ea (less standa deviation) in compa to
other types ¢ agicultural fields. Fom the analysis, it
seens tha small plot tends to have less damage

Famlands situated atidges (mourdin saddé)
have less damage than those $édaat valleys. Simildy,
in compae to paddyfields and cegp-breeding ponds,

I Ko damage

Surrounding damage
Less damage
‘=2 [ Noderate damsge
I 4fomost destroyed
SN

Conletely destroyed
Fig.6 Distribution of estimated farm damage

PIRTITITIES

damages tafarmlands, derpded lands and abandoned
lands @& small and less. Mostf dhe sces located at
valleys a at concavity nedaround agicultural lands ae

seemed to have caused by slégiéures only few could

be consideed due to largscale landlides. Those
agricultural that valley
streamigully have highy affected by gully eosion and
sedimen flow of snowfall and snow runid in the

following winter.

lands we situated at

4.4 Réationships among landform, landuse and
damages

Paddy ields and cegp-breeding pondsra easy to
develop at valleys as soils and wdtaciities ae rich in
these eeas. Contrary to thodermlands, degaded lands
and abandonedable lands e easy to develop atiges
or at convex contas, whee soils ae immatue and
water facilities ae poo. Howeve, valleysreveal bette
emvironmert for paddyfields and cep-breedng ponds
devdopmen, they tend to possess high andomsg
sedimenrelated déaser potentality. Speciically, valley
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streans/gullies ae the vials for the sediment

disastergFig.7 andFig.8). 13:}

The damagesrbugtt up by the MNPE have nkieaf damie
further acceleated and expanded by snow and sno\ :Ef’:fﬂf’
rundf, maost probably the peadoxial relaionships O Moderate
between dsaster prone locad topogaphy and :;;:,m,g
tradtiond landuse mactices otheregion could be a :%’f&m
vital causefor it.

0 i
5. Conclusion H I

Although the studyraa is wé known for 0
its landslide vulneabiity, rice teracing and gD e s gt AT R
cap-breeding have been nmained and adapted by Fig.7 F;r?lda:;%ndsl?;gs between farm damages
conqueing such ufavaable envionment.

Locd technques and know-how have always Land Foam
suppeted to ing the success in maintaining, E»ﬂ‘j‘ il = L ] ;ggg
adapting and extemay traditioral agicultural 80 il L3 | o E L ORS
practices in the studyrea. Many hints and 601 ] N - —_:gﬁg
knowedgefrom these lodatechnques cold A6l [ i "_%‘,ﬂﬁs
be achieved by pEorming further reseach - B';EHE
works on them. And adoptionf dhese hints 20 —Eﬂ"’"ﬂ’
and knovedge into the mesent pactices o aBieep
would help in seeking disasteprevention Non  Slite Sumoud Less Moderate Almost Complete
landuse pmactices. Theresultsfrom the study Fig.8 Rdjﬁf\jﬂmﬁm; damages and local
suggest that the &gultural lands that bea land form

environments
eathquake

favorable land utilization

possess high potgality for

sufferings. Stutes on developmésn d agicultural
technques tha help in lbinging disaste preventive
landuse mactices ove urfavaable topogaphy for

agicultural landuse ee imperative.
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