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Example of the structure of participation in maintenance activities

expressed by the Structure Equation Modeling with a mean structure
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Table 1 571 QAT OREGEEMIBIE O S HG] (FHEEOIEERIER 800 A0 )

Calculation of the value of an indicator to evaluate the sustainability of participation (case of 800 non-farmers in Niigata Prefecture)

Fyy Fy~Fy Fy, F;

F

Tk oz g2 1

W PRE X WE Bl X Rmo RGN B TEE 5 R0 RO B TEE

* Z?z fuo BREC fi fupnesinfi  REC BB ORES (Srimis) % wBs owEs 0 (S s
Pro+i Dpi JuPno+iPi fipi pi =@/

i Fi @ @ O+@+® @ ® ® @D+O+® (@D+B+®)

1 F, 235

4 F, 1.18 040  3.17 029 0.0 0.12

5 F, 1.03 053 295 0.86  2.08 0.46

6 F, 140 -038 291 027 089  -0.10

7 F 117 023 252 079 217 0.18

8 Fy 0.90 090  3.02 001  0.02 0.01

9 F, 319" 027 -0.86

10 Fy 288 1.02 2.94

2 F 162" 275 1. 2.82 044 071" 053

3 F 289" 0.15 0.43™

1 F 07151 0.96™” 073 240 0.30
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W2) f 3 fy H4) F~
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Mkl L [ DEBTE] OMOERZ 4L 72E TV
LT TEFV2 Evwdo) @, 220FFIVEHBKL .

BZETFNDIST A—FHUL, EFINVO0IIHIHETERR:
LB 84, ETNVIE3Y OSAREL, FHHE4, U
2, 4rEk1s, FeaEk7), =T V21335 ONARE 10, P
Wik4, Y1, srEki4, 35586) TH D,

CIT, 2T E B Y, MR R
[ DAPTHOFEEO R T, EEAKICET 2 H
WMOEBEREOLEE] LERESNTVWD, ZOE
#0OWOENR L HIZ, FHREEE, EFIV0 LRI
ﬁt\%&LK%TWMz%ﬁof,ﬁﬁﬁ%ﬁ%%



WRATET - AREEOMEFFE I 31 5 57 1 AT B OREBME AR 12 5 M 5 50 TE O BE

fi
1 b
el N AT

€Fl

€32 V32

pn

S, Vi

€04 1

Pvs
PN BT 2

€05 P|Vos

€07 Vo7

Co-11

SV

@ B (BTEEL)
O

VX530

S Vi

e m T 'S
F;
95 1 EAERES)

Fy

T SRR (k) €311
% FEIK L5 FURE
JLAI
BNEE - BEEH = wmrnzamm Mo A B
(O BUERLEZ M) (p 1E 3242550 (e 1335510

Fig.3 [RFEHKICHET 200 & [7hREENR] oMoERzEKLZETIV (E7)NV1)

Model with the omission of some factors between “knowledge” and “willingness” (model 1)

Fu
K
B9 2 Fnikk

SV

@ B (R
(1A & 7

VE5 80

P EAAAAZ fth Rt
ERESE 271 . ' D AF R

A
BZE  - RUEEK = wmrnasmm S A MR
GBI HIE) (b AR RE) (c 13365710

Fig. 4 [REMKICHET 23] & [HhadiTs] oMoERE2 G LZET IV (ETNV2)

Model with the omission of some factors between “knowledge” and “participation” (model 2)



6 R TR 5521875 (2016)

FEMTLIENTEL, ZOZLICHMLT, &1
(1998) &, EF VI L2 TlR7— 4 olEx
TAHIEBIL TR RFEIE R <, M L7ZET VDT —
FIZHAELTWD Z L 2 MRS 5 UNEDH D Lk Tn»
Bo F70, PG EHRESE ST 2 S OE TR E T
YT, ETWVAERPBED T —FITEE LTV DA
A (DT [#EE] Lv)o) %, #BEERE LT
NLIBELH o CEHliT 22 L TE %,

FIT, RETIE, R LZETIVL 2058
BEE, WEEREZ o CENENFEML, ML 72
ETNDPHEDT—FIZHELTWDHI L E2HRT L
ERTELAEI, THIH L 727 % f o Tk
BRI 2 B A 2 e CTE L] LHET AL
2L 720 BARMIZIE, ROEBY [BEOT—5] 2%
2T, 2BPEOMEREZITH) T Ll L7z,

XU, MEHERETIEE 2 25 L 72 AL (2013) 28
w7z, FrBRoOIERRAER 00 AD 6 1572 R
HEoRET—% (GRH, 2012) (UUTF [EEAEED 7 —
1w, EHHALT, EFNV - 20HEEYFN
FNEHMET A2 &C L7z SHUE, T, T 0
WA G 2 5B AR L R TEHIT 5 720
Thb, Thbb, ERROFT—IE, BEHME CGRAL,
2013) IZBWTETNOLEAELTWD I EPHERSN
TWwh, 72, L7228, ETL0EH EIZLT
EFNVL 2R ENTND, LT, EFNMIL -
2SEEI TN T H B HIX, ET VA LEROT—F
WCHA L CWA LRI CTELLEEZZDTH A,

ZOET, 224 THRS, AflE, Bibie w92
DOHIKDIEEFIERE 400 A2 5 1572 B HAGR A o 1]
E7—% (LT [#HCAFLET—%] Lvwoo) &
LT, 7NV -20@EELZZNENGHETS 2
L2 L7z 200 B0 T — 7 2EHT 5 B8, @A
JE DEFAlAG 2 DA% 5 N5 ML OB % LT 5 720
THhbo

HMAEEREIERIREEINTVDLEDOT, KT
X, REWZR L DL EbILTVACFI (Comparative
Fit Index) B &£ U RMSEA (Root Mean Square Error of
Approximation) (K f7 - #57F, 2009) % H 2% Z &
2L 7z EMZBEAEREL LT, fi2d GFI
(Goodness of Fit Index) % AGFI (Adjusted Goodness of
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HEL, AIHTREEEIREL o T2 2 NEHib
L, L ETADINT A= D100 T— 412
HAEL, o, sEOF—FIZ WAL TWDEZ & a2
MTERGEI, [ A—FHOBEOF— % 2
THZ LI DHEDPALE D LN, EMALOF
RHPACH D] LHETHI LT L. 2B, WL
ETNDINT A= FHOI0BEOT—F @A L T
WAL, FUFLYUHEFNE Mo THLH T E S
Mg 52 LMY ChnliEdrd s &2, [FEHL
OFFHBIZ ] EHETHZ LI LT

BARIYIZIE, RIH Gl [F7ICAF LT —7% ]
DHD S G T LA LTI & 1 4T o TH72, 23
TA=FZFDI0BEDOT =5 BLOsSHEDOT— 5 %
LT, BTNV - 20@EEE2ZNENFTIT2 2 L1
L7ze EE/EAMEIZIE, v 7 b7 o7 (SPSS Statistics
Base Ver.22) OIE{EAIMIBMEREEZFIH 52 L1272,

224 BAZETHOT—2OAF

KIROHIL, EF OHEFE BRI 31T 2 ket o
FHIiClE 7% <, RkBREETHMTREE O M 2 B L Tk & #E &
LHIZETHbH, 22T, BHMEENETHEMNTHSZ
D, 222HBLUN223THICBWTHEHT T4
&, 208 TEIH L72RAL (2012) & [FAE, Table 2 127K
2B EMEERE 2o T, % =%y M
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Table 2 FX5E L7228, ZHOT—4 % AFT57-00EMEHH
Variables and items of questionnaire for collecting the data of variables
B RIS
BEEY B HERRH AL B ik
HH)  EH ] % iy fElE Py e
HIREC (269) i*’&L?[Rﬁfz Tﬂ“; Iré Tﬂ; Tﬁi
F, (5 h& v AR OFREE IS RO ONHE, FEONBICARTERAES 2 S 228 122 218 1.05
H47H)) LU, BN SRR % < %L‘Z%V)i'?‘ﬁ‘
F, G718 vy, BEREAERDICHREND LR THILUL, KEBEOFIHERIIZMLTL L BnE3h SHEE 286 121 286 1.13
HFERL)
Fy (35080 vy KBOEEMEECSME RO NG, Mo ANEFUBEOEEEZ T2 e0TEL  SEES 28 123 278 115
HHETT) EEWE TR
F, (B¥ER v KBRLZORZHENDADSENT 2 LTS 2OMEEZTTVE L BTS2 SR 295 122 287 116
KIERT S HEORDICS 5 BRHOBBARRERICR AUEvv e, TILTH-T0ETA  SHEY 318 LI 300 117
) vig  IKEERIRATRINZE Ao 725ty FAMIIET OB L v e BnE 37 [EE] SRR 325 124 328 118
Fs (5518 vy KBOBEEVEER, HREPBIMLTTHRITITWLREZLELBVE S SRR 3.06 113 3.02 1.05
MOBLRYE , KEOFEEEE, HR2EECBMTE 2T NERMO—B2BELTThLHIFT  SHE™ 276 114 262 1.06
i) WEREZ LBV ET
v KBRS TVWA AL, EACHLLT, FHEEECBMT AR ZEEVE T, SERES 330 125 340 111
Fo R v, ABERZOHEHRNLKIIONT, BELAVEELARY, DEOF6NLNTHIE SHED 291 129 284 127
HKIZKF 5 WH) FIHh
Ba.L) vy NARATA T TRMARLKBEOFEE BT 725, BEIMICRZ) LE) ELET SR 263 117 264 116
Ve KERIZOWTHRERS AR O A XY MR SN 5B TAHAZVERVETH SRR 250 120 257 124
Fy 23R vy, KB 2o 2a, ADICORENEADPS LAV ER) boidEn T » BHGEY  236 102 236 1.02
KORMIZ \ ABRZORERNBADEL S R DFRETHLT, Bibke LARRALGHRS  SHEY 258 123 251 116
R SENHYETH
%) vy KEERZOWMEFNEKD, SFCEIFREBREICALIEZTHMLT, [Z20X5 s 2,79 124 279 1.19
ZARLRTFUETE VD] EBS/22 0B F3h
Fo (A% v, AKBERZOHMZHENLKIE, BAObOb0L LTHAL LBV SEREE 265 121 265 1.20
KIEHT B K 2O E RN BKIE, DT A b OGO EE L B E T SERE 308 128 3.04 123
FAEER | okt bnioai) o b kS SREEA L B E S SEEERY 271 116 277 109
Fy (FTEA vy, WAESREDODHEDVPBLTOAMRICB VT, 5 L) s a8 (178 s 317 109 305 1.07
IR 5 % LYW OIEHE) 1266 72012, B0z BHICT 522 ehd) T30
F) v BEICORKIE, HALEDETETONTBHETT S ETHS L) WIS sIE™ 332 104 320 104
NCTWLHEHE (TER R ORELLE) b0 320
vy  BEFTOCOBKICRIE FTERHBOLE) BH0, FTRADRHALOEIZRDbR VY SHETY 333 093 343 095
&, TOHFIHL ) EBWFETH
Fio (0FI12 vy  HEEBFOMERLLREIEIZOWT, TEFOAZLIREYIC2) 3 H SR 286 1.12 281 1.07
MEBHEW o, R KA BMASS [TERBMLTHKLY] ESbhTwis, HHENEko  sHE™ 330 123 332 116
%) TN B bR 72 DEER, BMLTH Lve B A BEEZTTni L B
A
vy BMEROPTHF I VHRROENT VS, HHAREROBMICIT 2 d%az0mE  sHEE™ 255 118 259 113
i, ZMLCL L WEED HISEELZIT T/ L BnETh
Fy (B v, KBELZOMEHENLKIZOWT, ROPTIHELThH- - ZEIF LN T2 BEGERTY 211 096 214 091
KIEHT D THAAERCOMR RN KIIOWTEAS RV EBVE T [HEEH] STRETY 227 113 212 1.03
Ai) vy HEOEDIZH 2KEERTNDKD, E2hnHETEIANNCDOR, THLTTH 5 237 133 232 127

WD [KEE] E, EMOE LTI [REROKREE] LRl z. £z, JIRboKE B~ AR72 ), RIS 72450
NHL720 T 572D AW o7k E % B A B, [REMOKRE] LIFIZ VTS L0 FIMCR LKL 72,

K& LD TR

2H>FﬁEW¥Juowfu,,HﬁL BEHOKEIZEE > TWDREEH o720, KEOTOTIZH-720), KEOENIZEZ TWELEE

Moz 3 2M08%, BEROKKEO EIRMEE] SIF0ET," L) FHALEERL 72,
H3) 0%~ 20%Ki, 20% P E~50% A, 50% LI~ 70% A, 70% P E~90% Adii, 90% LL -~ 100% [[F1%NEA% 508738 H ]
H4) B, EHLREERIEEY, EHELELERRV, EHELEERIEEDLRY, BEbhv
5 ffoTwh, Lok Eifﬁofwé ELLLELEZR, EELNLF Ao T AL, o Ty
H6) MaweklEy, EHonlE2HaVEES, EFELLLF AR, EELREEZIEMA LR, B EES
E7) b, ELLNEERIEDL, EHLLELERRV, EHLNESZIERV, W
H8) T4, ELLNEERIETH, EHLHLELERARW, EELNESAELARY, Law

1E9) REEIZI o THUR T & vy, B OLELGTAE L, BORDED L, KB BN EL b, KepiFbZ L TER

H10) ZWEES, L LERERVERS), EELELERLV, YLLRLEREHL LY, HDHEEH
HLD &5, D LHH, EELELFA R, Z0ERH, Hw

H12) fEBH) LB, EHopLFARNME) LB, EBHLLFAR, YELRLFRINME) LBDR, ftB) LBbiaw

E13) B2 D, EHELPLFRITENIIRE, EELEFAAR, ELONEERFEYIILLAY, B IZRL RN
TE14) B RAIRE S, AIRHRREGE, PR, RESELISEOAENGE), HIRE, MUKPERR, ERERORA KERE BDEER

EL15) HILHVERS, ELEL0EEXRALAEVERD), EELEFALV, EBELPLFREH-oTVE LR, HoTnd e

H16) Mo Twad, EELNLFERRHA-TND, EELLLFEARW, EL0 LML LV, Mbhw
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WCEWAFT LI EIZL,

FEBEOPATIE, 201548 FIZHER ) ¥ — F kit
RIRAREE L LT,

OBAEDRE#DS, AMISTIIWHARE, BEE - CEIFE,

BB IR, Bk, EEEOWTNINTH S,
@20 LSBT TH 5,

QHEEEBLIZKHDH 5,
OHEELIZEEROKEDH 5,
BRTIERL, BHETALTBLY, ERXLBEET
7%,
1 1 ADEE L 25T 5,
EVIALEMT TR LTWL I LR, ERFHAEICS
VCRERE L 7B 2 b s, Adthls, B HbE 400
AN (GF8oON) 22657 —% % AT L7,

OOF&M %% T 2B, MBI E S 5200
WD T =5 % AFT270THb, Thbb, A
LB R LB &, RER KOS R M ERE (H)
R B BGRIERE (H) oZFE (LF [h2x—%] L »
Jo) (RMKEL RAIRELE, 2015) AARE LD
Ehs, LENHBYO FEHEIRDE & v o 72 HISHE I 245D
HEEZ 2, BRI, AHbio 3R, dbifgE &
ML AL O FRED 2 WG, HEhTH RS
B2, EEBFEOFRDS, I N—FRHT40 % A i
DI6HFEZ I L7z ¢, [HN—FROEWIEA ] & [k
SOEHAMERE (H) OILWIEL] OFMA/NSW3EE L
720 AN=EFRIIMAT [MEBHAMIERE (H) ORIE
i) ZEMHImA BB, 20X ) RFFROTDS,
REHEOBERMEIBE SHFEL, LERNBGOT—5
EHERLRLTWVWEEZLNLTH L, BHIE D3I,
FHELZ, BN—=FDT60% LI E D 15 FFIR 2 i L 72 - C,
[HN—FOFWIEN] & [t REMER (H) Ok
WJERL ] ORI/ NS W3R E L7z,

QO&MHZTZHE, SO5RHNEHENETN
B, B (RERE, 2012) (SRS B4ERDE %2 X
REFTELIDOTHL, OBIUDIE, KHHADOBKEEZ
WNRETHIZOTHD, OIF, FEFEREZNGET S
72OTHDE, ©F, HFFEHEASMT2EEZIRE,H 1A
WKL SN TS (RIE, 2003) ©T, HiHMLO
F=F # AFTH20THb, 512, HEOEMRY -
PRI A6 % S S8 5 7250, WIS Bz FR5) -
HEHANODOEEIZ L > THEYFIF 2 LT, AkEfTo72
(Table 3) -

A, B 5 AF$ 57— 8% Z 1211400
N3 (51800 A43) & L7-BHNE, /89 A — Y $hsET
N2k dLwv, EFNVIO [T A=ED1015] 12
L9 5390 A5 (39x10f%) LLbET, 2o, BHEO
H# 25 AT He7 RO N$ & L7272 Th 5o

BIEE DS b, ERRF DS HEOZEHOfEIZ>
WX, BEMZEIE,SIEIZS, 4, 3, 2, 1&E)Y
T72o F72, Table2® [EMIC] WC [HREE | (i

Table 3 BiFAAE OHEATN - MBI NEL

Number of respondents by generation and sex

e e WA JE o AT
% AR " N e NEL Ha
(%) (%)

20508 55 40 10.0 253,947 9.9
w40 10.0 245,357 9.5

ﬁh 304 5 50 12.5 359,018 13.9
2t o 50 125 343,231 133
Woa0mEf B s0 12.5 329,972 12.8
7.k w50 12.5 325,749 12.6
§ 500 5 60 15.0 359,100 13.9
w60 15.0 359,035 13.9
@ i 5 200 50.0 1,302,037 50.6
200 50.0 1,273,372 49.4

7 400 100.0 2,575,409 100.0

20548 5 40 10.0 448,053 10.0
w40 10.0 453,943 10.1

f% 30AC 5 50 12.5 606,202 13.5
2 60 15.0 615,355 13.7
0 408Eft % 50 125 574234 128
ﬁ.’ w50 12.5 589,160 13.1
ﬁﬁf 500k B 50 12.5 587,097 13.1
o w60 15.0 606,806 13.5
:ﬁij 5 190 47.5 2,215,586 49.4
w210 52.5 2,265,264 50.6

s 400 100.0 4,480,850 100.0

W) wEEATE OFRB) - RO Nk, [HR A E NG
EAENR) - EBIO [EERo NDSEA ] of% 10 N
LA 72 BRI 3D SRR L 7245 R TH %o

F2) TSR AOBBR TR L A WEITEH 5,

H3) WEBAKER (2011a)

CAFHIE L TW B HIASEOEH) & FoR L2 BilEE
OIZIE, HEMNZEZE2SNEICL, 2, 3, 4, SEED
WCro SHIT, [MIEHRIRR] WIS THEGERIR] L&
R LZCBINAEROEICE, BIRSNAEBORICL ST
1~5%5 LCEY BT,

B, WEHENES) VZE, BWT—-Y RO T
FEELTHEEINAZLDOTH DS, KT IS £
%, SHHEOEWNT -5 RN T— 5 LR LTHIT
LI EiE, BELVESINTWS (BH, 1998)

23 EBFRFHBRANDEREEZERN

Table 4%, 2010 T RIRE L 4 2 (REBEHAT
J, 2011b) @O F—% % 3 12, dbiElE &R, e
HROEBO R VHEERE B <, E44KFHEOF 12
S & ERTTAY IR BT B, FEERE TR O
BERER AT - B L7200 TH S,

Table 4 D [JERFKFHHE ] b LU [RETR¥EE
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Table 4 JEREF TN O FEEEE T

Number of rural communities by the size of non-farm households per rural community

MAEBEE (F) ~9 10~29 30~49 50~99 100~149 150~199 200~299 300~499 500~  _
JEREF TR () GlERD™ ~8 9~27 28~46 47~92 93~139 140~ 186 187~279 280~466 467~ '
PSR (%) (EEDH™ 747 7278 9,121 13236 6,581 3,826 4,680 4552 8156 58,177
REMREEE R (B%) 747 8,025 17,146 30382 36,963 40,789 45,469 50,021 58,177 -
AT RFEEE R E A (%) 1.3 13.8 29.5 522 63.5 70.1 78.2 86.0 100.0 -

W) BFRIE, AR, PREIR, BURCER A B < 44 TR 0O S M SE s & 4R T R R SIS A T R kL 7z,

H2) T1EBSEEE N DA (BRE - ERRR ] o7 —% (RBEEKEE, 2011b) 2008 H LA ERRE (934%) %, &
PR TF U CHERT L 720

H3) [HRFERBEREEEER] 07— (BEBEAWETRE, 2011b) 12, RO [EEANPKEOD 2 BEEE] OBEEFELT
MR L 720

Table 5 E7NV1IZE 5787 A — 5 OHGERRDS & CHIERFMHIR O SMAR B ROIFRRER 800 AD¥;5)
Results of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 800 non-farmers in

Niigata Prefecture)

{%Elk FllvF9vFlU sz FS Fl ;(ﬂ*-(fﬁ’li
i PgfE NA R, R BSOS NA L F,O  F LSO IR TFE #ﬁ%g

B

g( fi ¥ wES 2B Ao () R s BES £ G " s

Dpi Jupn fipi pi =@/

i F ® ©) ® O+@+® @ ® ® @®+0+® (@W+®+®)

1 F, 234 029  0.68

9 F, 319 -0.23 -0.73

10 F,,  2.88 1.28 3.69

2 F 0.68 296" -0.81 2.83 044  030™  0.95™

3 F, 289 0.15 0.437

1 F 0.30 13857 0.73 2.41 0.12

H1) EEPOL piofiil, Amos TR - IHEHEACHEEM  H2) FEFOF  #3) £ 4 Oxp, ES @+£)p,
6) fipy 117 F,EF,OR

HHEERE G WERL L, IEEFREED 466 F TD ENDLHEZD008LLTFD0.077 TH 5, FERIZ[ET V2]
BIED. BERD8U T HEDODL I EN Db, TDT & Waxse, CFLX, #ENREWESNEHEZD0.9LL
o, TETHRRZIFRFZMEH800 7 LI Lo LT 190913, RMSEA L, #EDZYE b H%ED0.08
i, %}dz%%ifhﬁi&%ﬁﬁ?ﬂ@%%i&iﬁ%m IRAE, B UTFD0.069TH%, ZDXHIZ, BENIEEOT—5 %
BHERBOI1EBRETHH ) 2 EWGh Db L7234, aﬁﬁf_ T%EJZLL—‘ET)I/LZUL, W
LHEEDTF—ZIZHE L TW5E I EDMER SN,
I FREEXR CDZEMDS, ﬂ?ﬁf: W L 72 EF V1 - 2% ffi5 T,
MR 2 T A2 2 e TE A REM D H B &
31 INTA—LEEEIRKL 56 g Lzo [WHREMEDSD 5 ] & L8, LRto#Es
311 BIAEMROT -4 Z2ER L 258 0EEE O EOFMZBOTHER L7 — 71, i8R oIEERIE
Table 512, ETFNV1IZDOWTC, BENFEOT—5 % f R80OANH AFL7Z2b DD T, #EFo s HHiBHIL Y
MLEGED, NARBED/NT 2 — 7 OHEm RSB & AR REIIRES NSO TH b,
U#L#xlé%fﬂﬁ?aﬁf@;%iﬂjf*%%ﬁ% F 72, Table6!Z, ZIT, KETIVOMBEIHMIERESOMEE L2
ETN2IZOWT, FARRICIT o 2Rk E R, &5, &, ETINV0AH030 (Tablel) THAHDIIKIL, €TV
Table 712, EFE2 200 E 7))V 04 IO FHIlGE R % 1120.12 (Table5), £7 NV 2130.14 (Table6) & 7> T
ZNERS Wk, TOLNIE, HUTF—=4E2MHLAEEETH-T
Table 7122 C, [FHIFEAR] o TE£7)V1] xR b, BEICLZETNOICHANRT, 737 2 — 7 HEHIR
HE, CFLIEZ, BEPEWESINEHZD09D EICIZ L7zETIV -2, IBEOMHEIVNELL hoTWh, £

ITELTW50.896THVY, RMSEAIL, #EMNZY & OHHIZDOWTARITIEI I L TS, JkelE R
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Table 6 E7 V212 L5757 A — & OHGER RS &L CHGEFFMTFR O MAR B ROIRRMER 00 A&
Results of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 800 non-farmers in

Niigata Prefecture)

. e Fn, Fy, Fy, Fs F
% E FiyME INARE FLORES F A OEES il Tl At P AT AT A
# fi Di Jupn fipi fi (CP=87=8) S
i F @ ® ® @D+e+® =@/ (@D+®+6)
11 F, 2.34 0.14 0.33
9 F, 3.19 -0.14 -0.45
10 Fy, 2.87 1.14 3.27
F, 2.89 0.07 0.20
F, 0.33 3.027% -0.98 237 0.14

HD ERPOS, pOfEIE, Amos TR 7z IEEEELHEE

Table 7 EF)V 13 L OEFIV2OMAEREO S (5
EROIERFAR 800 ADF 6

Results of the estimation of fitness indexes of the model 1 and the

model 2 (case of 800 non-farmers in Niigata Prefecture)

BEY o BENEVwE SIS RRIEEES
EE EFNVI EFN2
CFI HEHEO0~1 09k 0.896 0.913

RMSEA oLl 0050, 0.08LLFT  0.077 0.069
Z2400.1 LU TAGE

) Ef (2007), KA - #AT (2009)

RO/ NS & HRBETE DY HERRE B % 5 1)
T 572 OEBOMBOTRIEDEL LD HEZ, HOZED
NS, MR R SEE L < 7 A T REVEATRIE &
Nb, £72, EidostBy, FUBEAENSEDOT— 5 2 ff
FALTCWwAEATH->TH, BT NBHRL DL L MG
RO R LR L E0s, BELZET Vo TH
L 7R AR O E & Wi 5 A Z Lk TE W T
L, BEIVETH D,

312 HAELCAFULAT—2%2FALABENERE
(e

Table 8~ 1312, EFI1-212DOWT, AHMISOIEE
FERDSHELEAMBHAEONE T -5 %, FhEha
B, T A=F D10, 3T A= RO SEIHYS T
BB L72HED, NARBEDINT A — 5 O
SERG R B L ORI O B I R AR T, 72,
Table 14~192, BHilsio7— % 2l L7284, [
FRICAT o 7oA % 7R 9o £ 512, Table20!2, Table 8~
19DET — ADOBMEEIREOFIFRE, ETV1LE
T2 LTRT . 4B, 222THREBD,
INT A—=FRITETIVIAI9, ETN2H3ISHDOT, L
FEOEH, NI AXA—=FHD101E, NT XA —FHD 5
Y5 AL, EFVIDBZENZFN400 A, 390 A,
195N, EFNV2DZENZN400AN, 350N, 175ATH 5,

2) F,, F, F,OFF

Table 20 12D\ C, (X U®IZ, [AH#g] @ [CFIl
ERLE TEFLVIIZOWT [28F9 A —FED 1045
DT =8 BMHL7GEOMIZ0.897 TH- T, Fitho
Table 71278 L7z [HEAEDRWE ENLHZ] ®09LLE
12, IFIZELTWwA, ZHISHL, TETIV2] 1220w
TIRNFT A= HD10fE] OF—5 #HH L2560
130881 TH->T, MEPREVWEENLHEZD0.9LL
FioEwbon, EFV1EDIMENVETH S, 2D X
I, EFIVIDOHPETFT N2 XN A I A B
WZ kA, [BEEDPHAMICEWET V] M [E7V
1) EFEFR L7, FRIS, [ 2= EDsfE] o7 —
¥R LB AOfEIR, EFIV1250.858, ETF L2
0.834CTH->T, ETFTNIDOKIH, #EEVPHIWIZE W
EFNERSTVD,

[A#IE ] 12DV, KIZ [RMSEA| fE 5L, [£
TN AZDOWT [T A= HD10f5] OF— % % fifi
L7880 #120.087 TH > T, AIHO Table 71278 L
o TEADZY] EE3NLHED0.08UT &, [HED
A EENBEHED0ILU LD, FRMOfEE 7> T
Who THICRL, TEFIV2] 122V T [/835 A —%
Bo10f5] o7 —% 2 L7256 D#1%0.088 TH -
T, ETNVIOHH, MEVPHHICEVETVE LS
TWh, Ak, (859 2= HBD585] OF—% %@
AL EOMHIE, EFIV12%0.088, EFIL24%0.101
TH-oT, ETINVIDOFE, WEIPHSIIZEWVET IV
Lo TWnWh,

wIZ, [BHE] @ [CFL] x5 L, [T 2—%
Bo10fs] o7F—& 2 i L72Ee1E, AlE [k
WZETIWVIDOHD, #MEDVHMWIRENWET IV EZR>T
Wb, =7, [T A= OS] OoF—F AL
728 A, ETV20H DS, AR EWET IV
EhoTnb, TOZ LIL, Bl o [RMSEA]
ZRTCHHEETH 5,

DED XS, HAF LT 2 fHHLTET
V1 - 20 5BE BE 2 5 - Rl L 7oA, 80 — A6 —
22BNV, EFIVIDONFD, EEIHWIZENET
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Table 8 E7 NV 1IZE 2787 A — 5 OHGER RS &L CHHIERFMTFR O SLMAR (A ISOIFRR AR 400 AOBE

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 400 non-farmers in area A)

igy o Lo Py o 1 F ki
% a; FIgME SNA RO F SO ) P SA L F O F SO Y A B E g
i 2 fi Rt WS S £ (Grmm) R 28 E"’ﬂ% fi (5 A3 ) s

& pi Jupn fipi Di =@/
i F @ @ ® 0O+@+6 @ ® ® @+6+® (@O+6+®)
11 F, 2.08 0.05  0.10
9 F, 3.17 2031 20.98
10 Fy 2.79 1.54 430

F, 0.10 332 055 2.87 050 005  1.39™
3 F, 2.82° 0.18 0.51%

F, 0.05 190" 036 231 0.02

H1) EEROL pOflIE, Amos TR ZZIMEHALHEEM  112) Fo L Fo®FF  1E3) £ i4) Oxp, 5 (@+4)p,
6) fipy 7)) F, & F,OE

Table 9 E7 V1L 5/87 A — 5 OHERERDS & OCHGIETF IR O MAR (AMIROIFRFAER 390 A4

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 390 non-farmers in area A)

s Fiy, Fo, Fyy F, F; F Hk
£ FEE SR R0 FUSO G PBE X Ro FUSO DR T ik
7 g{ fi 2% E@% % §A (i) FRER RS RS fi (5 553 ) S

Di JSupu Jipi Di =@/
i F @ ©) ® 0O+@+6 @ ® ® @+6+® (@+6+®)
11 F, 2.07 0.06  0.12
9 F, 3.16 -0.28 -0.88
10 Fy 2.79 1.49 4.16
2 F 0.12 328" 0.55 2.85 050 0067 137"
3 F, 2,827 0.19 0.54"
1 F, 0.06 1.91%7 033 2.30 0.03

1) ERPOS pOfiElx, Amos TR -IHEMAVIEEME  E2) F,EFOFF  #3) £ E4) Oxp, 15 (@+f)p,
6 fip, E7) F & FOR

Table 10 E7 )V 12 L 5/85F 2 — % OHEER R B L OHFIEFHIRIE O 5 G (A IO IEERRIER 195 AOBE)

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 195 non-farmers in area A)

S Fi. Fy, Fy F F F ’-'I’-j-li
B TBE X Ro Rt Wi THIE A moo B0 G T ‘-T—ﬁlﬁ?a,‘
LI S WH RS BES 4 GABS W% BN BES 5 G s

Di JSupPn fipi Pi =@/
i F © ©) ® O+@+6 @ ® ® @+0+® (@D+G&+®)
11 F, 1.98 0.02  0.04
9 F, 3.02 -0.16 -0.48
10 Fy 2.64 1.33 3.51

F, 0.04 3.03% 041 2.66 052 0027 136
3 F, 2,66 0.18 0.48™

F, 0.02 1847 027 2.13 0.01

F1) ERPOL poOfEild, Amos TROIHER(LIEEM  E2) FEF,OF  E3) £ E4) Oxp, 15 @+£H)p,
We6) fips T F,& FyOET

Table 11 E7 V22K %/87 2 — ¥ Offsgit s L ORREEFTTE O R MR R (A MO IR R AR 400 ADKE)

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 400 non-farmers in area A)

i ?E’f Fy, Fy, Fy F; F

{% i SEAL i ISARE FLORES F DA OEES YIF Pl S e o [ e
% fi Di Supbn fipi N (5 A ) S

i F @ ® ® @D+®+6® =@/ (D+B+®)

11 F, 2.08 0.16 0.33

9 F, 3.17 -0.14 -0.44

10 Fy 2.81 1.05 2.95

3 F, 2.82 0.07 0.20
F, 0.33 271 -0.79 2.25 0.15

D ERTOS pOMEIE, Amos TROIMFMEALHMEM  112) F, F F,OfF
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Table 12 E7)V 212 & 5787 X — ¥ O RS L OHkHEIERFMIAE O S MHR (AROIFRRER 350 A&
Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 350 non-farmers in area A)

. iy Fy, Fo, Fy Fi F,

% % P ISARE F,ORES Fy DSOS Uiy I ke P S
% Ji Di JuPu fipi h (5 F3i ) S

i F @ ® ® @D+e+® =@/ (@D+B®+6)

11 F, 2.06 0.17 0.35

9 F, 3.12 0.13 -0.41

10 Fy 2.77 0.94 2.60

3 F, 2.77 0.11 0.30
F, 0.35 249" -0.64 2.20 0.16

1) EEFOS pOfEIX, Amos TROZZIALMELHEEM  112) Fy, Fo, F,OFF

Table 13 E7 V212X %/57 X — & OHEEMR B X OHFIEHIHFE ORI R (AROIREAER 175 AOHE)
Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 175 non-farmers in area A)

i@ ;;f Fllv F‘): FlOv FZ Fl

E FIfE N2RE FyORES F DSOS iy FIfAE ke AT
# i pi JSupu fipi N (5 R ) S

i Fi @ ® ® @+6+® =@/ (@+®+®)

11 F, 2.01 0.13 0.26

9 F 3.03 -0.23 -0.70

10 Fy 2.68 1.16 3.11

3 F, 2.71 0.11 0.30

1 F, 0.26 271 -0.84 2.13 0.12

1) ERFOS pOfEIE, Amos TROZZIFEHEALHEEM  H2) F,. F, F,OF

Table 14 E7NV1IC L5787 A — & OHEEMRDS & OHEIERFHTIR O LAR (B R OIFRRER 400 AOY &)
Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 400 non-farmers in area B)

e Fi, Fo, Fig F, F F ke
A T SR RO RS0 N BB 52 Ro RUSO W CFRIE i
& g{ fi ¥ wES S £ (Gmmm) R wES BES fi (5 Fjii 1) S

Di Jupu Jipi i =@/
i F @ @ ® 0O+@+6 @ ® ® @+6+® (@+6+®)
11 F, 2.10 0.07  0.15
9 F, 3.06 -0.30 -0.92
10 F, 278 1.44 4.00

F, 0.15 3.08™ 038 2.85 037 0067  1.00™
3 F, 2785 021 0.58"

F, 0.06 1587 0.56 2.20 0.03

H1) BEEROL pOIE, Amos TROZZIMEHEAHEEM  112) Fo L F oD 1E3) £, iE4) Oxp,  E5) (@+f)p,
6) fips 1T F, & F,OF

Table 15 E7 )NV 1IZ K %/87 X — & OEERIRDS L ORBERFIFREO R AR (BHUROIFRFER 90 ADYifE)
Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 390 non-farmers in area B)

it L Fo P L Fy ks
WO TBE SR R0 RO 8N TEE SA R0 FUSO G PEE s
L f W BES BB 5 G BN BES O BES 5 AN s
S Di Jupu fipi Di =@/
i F O @ ® O0+@+® ® ® ® @O+0+® (@+6+6)
1 F, 2.11 0.09  0.19
9 F, 3.08 -0.29 -0.89
10 F, 279 1.43 3.99
2 F 0.19 310 -0.43 2.86 036 0.07™ 096"
3 F, 2.78™ 0.20 0.56"
1 F 0.07 1527 0.58 2.17 0.03

WH1D) EERFOS pOfEld, Amos TRD-IFEEALIEEM  H2) F, L F,OFF E3) £ H4) Oxp, 1E5) (O+£)p,
*6) fipy, 1E7) F, & F,0E
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Table 16 E7 )NV 11Z L5787 A — & OHGEM RS & OHHIERFHIR O SLMAR (BHROIRZMER 195 A0S &

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 1 (case of 195 non-farmers in area B)

s Fu. Fy, Fyy F,, F £ T
WA P A R0 B USO W EBE SA B0 FUA0 B FBE spmigE
# % fi ¥ w5 2y £ Grmm R wES BES fi (5 B pr) s

& pi Jupn fipi Di =@/
i F @® ©) ® O+@+0 @ ® ® @+6+® (@O+6+®)
11 F, 2.05 0.19 039
9 F, 3.13 0.12 -0.38
10 F 2.81 1.15 3.23

F, 0.39 285" 040 2.84 034 0.3  0.83"

F, 291 0.28 0.81%¢

F, 0.13 1.64%7 035 2.12 0.06

H1) EEROL pOflIE, Amos TR ZZIMEHALHEEM  112) Fo L Fo®FF  1E3) £ i4) Oxp, 5 (@+4)p,
6) fipy 7)) F, & F,OE

Table 17 ET V212K %737 X — & OffEfb i b L Ol iHiiTR R OB HAE R (BHIROIERRZAR 400 ADW;E

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 400 non-farmers in area B)

N "'{:"‘; Fllv F‘)v FlOv F3 Fl

% g P ISAREL F, OB Py DSOS Tk P e
B i Dpi Jupu Jipi fi (5 rimi ) S

i F @ ® ® @+e+® =@/ (@+B+®)

11 F, 2.10 0.02 0.04

9 F 3.06 -0.32 -0.98

10 Fy 2.78 1.02 2.84

3 F, 2.78 0.06 0.17
F, 0.04 2.03" 0.11 2.18 0.02

1) EERDOf pOfElX, Amos TROZZIHEMEALIEEM  112) F,, Fo F,OFF

Table 18 E7 NV 212 L 25 /3F X — % OHEERR B L O HIEHMTERE OB R B OIFRRAER 350 ADGE

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 350 non-farmers in area B)

‘ﬁ ;’%’f F”, F’:’v F]O' FS Fl

%ﬁ i FIH INAREL FaORES Fy DA ORES YR P fE W SR
# fi Pi JupPn fipi fi (5 ﬁ{ﬁﬂj) S

i F ®@ ® D+e+® =@/ (D+B+®)

11 F, 2.10 0.04 0.08

9 F, 3.11 -0.42 -1.31

10 Fy 2.78 0.95 2.64

3 F, 2.81 0.10 0.28
F, 0.08 1617 0.49 2.18 0.04

1) EEHROS pOfElX, Amos TR ZIHZMEALHEEM  12) £, Fo, F,OFF

Table 19 E7IV 212X %/%7 X — & Ok R b L ORI RHMITEE O F H#G R (B OIEERER 175 AOEE)

Result of the estimation of parameters and the calculation of the indicator to evaluate sustainability by the model 2 (case of 175 non-farmers in area B)

w P B Fu By F
%i gff P fiE INARE FyORES Py DN OE S iy P fiE S ST S
% fi Di JupPu fipi h (5 R 5) S
i F @ ® ® @D+®+6® =@/ (D+B+®)
11 F, 2.09 0.17 0.36
9 F 3.09 -0.22 -0.68
10 Fy 2.76 0.82 2.26
3 F, 2.85 0.09 0.26
F, 0.36 1.84" -0.10 2.10 0.17

1D EERTOS pOMEIE, Amos TRO ML EM  112) Fy, F,, F,Oxf
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Table 20 E7 V1B LET N2 OBEEREOFHIEE (A - BHIOIFREEROEE
Results of the estimation of fit indexes of the model 1 and the model 2 (case of non-farmers in area A and area B)
A i B Hiusk
CFI RMSEA CFI RMSEA

K5 ?“j 4 filf HEDS fill HE DS fi HE DS fif HE DS
H EFIN BTN AR EFIL ETIN el EFIL ETIV el EFIV BT el
1 2 c:%w 1 2 L:%w 1 2 - %m 1 2 c:%w
EFN 5 T 5
ST A—=FF 390  0.897 EFNVL O 0.087 EFNVT 0881 EFNVI O 0.085 TSNV

D10k 350 0.881 0.088 0.853 0.090
85 A—FH 195 0.858 EFNVIL O 0.099 TSNV 0.887 EFN2  0.081 EFN2

D51 175 0.834 0.101 0.908 0.072
Z% (&%) 400 0897 0.884 EFI)V1  0.087 0088 EFI1 088 0867 FEFI1 0084 0087 FEFII1

) bFEr, CFI & RMSEA XA EIE % £,

WEZmoTWwWh, 2O Ens, fBHERTHEELT
X, EFNVIOED, EFTN22ICWLRT, 7T—F L D#
EHHRTAN BNETCH B 2 EATRIBEN S,

B, LilL72X912, [BHIEIZBWTI/¥F 2 —
YROSKE] OF— 5 BERH LGS, ETIV20OHD,
HEDHRIZBEVWETVE R > TS, TOIZ L2
LT, [3F (&) \RLEBY, [BHE] 2B
WTEHT— % 2 L72%4& 0, CF1 & RMSEA @ [
AWHICEWET V] iz la e, mEEd [£7
V1] EZoTWb, 2O ENL, EFNV2OMED
Bhoz#HiE012E LT, 7—% 8 LK
12, =5 D) OFE L 72 Rtk R S b

22T, ai® Table 7127R L7z & 912, BEAEWIZED
F=F EMH LA, BTV 2ONDBT =5 ED
HADHIR I B2 o 720 Table 71278 L7245 F:1%, 800
NGEwd, T A=FBDO10f5%E,ITBZ 5 AN
BDOF—=F EERLZbDTHL, #0720, REDE
FEHAMICHET L2 EIIEYTRVWEEZL LD,
RIETHARIz, FlCAF LT =9 2 A LA L
X, BORERIZE > Tz, 2D LIZOWT, AT
X ZFOHEE G L TV nhy, dEAERER, 222
HTHlRR7Z2EBY), ETNVERPBEOT— 7 I#E L
TWREAWEIHEiT 28R 20T, [HEOT—F ]
HEZIUL, BEDHR I EWE TV b 2 2 e
Wdhbo ETINV] - 20@EEIZONT, L) —kED
HLERBEOICE, SFSERPWRAETEICL LS
WHEREZEABR TV ZEDEETHY, FOBED
5, RETH 200D F— s 2L ZATH
%o

32 NIXA—FPOSEDT—2&FERAL 5E

Table 21 (2, Table 20 (Z7< L 7238 & BESBAZ o FHMIAS £
AFEHL NIA-—FHo0EOT—5 2HH L
WAL SEDT— % L2 ORHI B2 iz L

TRTo HHET, Table8~1927R% L 7= fkiGetdZEMlife
BESOHFE MR, EBHL TRT,

Table 21 122W T, (2 U2, [A#i] o [CF1l ##
ERLE (NG A=FFDI0MG] OF—%% [€F)
1 WZDOWTHH L7260l 0.897 TH > T, FIHT
ARz BY, WEPRBWESINLHELD09LLICIZ
IFELTWD, ZHIIRL, [ X=9HKD5f5] ©
F=%% [TV IZOWTHH L 723546011 0.858
THoT, MEVPHVWEESNLHEZD09LEEDER
0.02THb, ZDEHIZ, AT —7ZMHL T
CFLIZX D EHI L 72354, BTNV 1, NI A—=FHD
10D T—=ZIZHELTWALOD, 5HEOT— 71258
BALTCVWALIEEZ Do 2O EDE, BiGr—
ZUZDOWTUE, [T A= EDOSEOT— & 2T
LI VHEENPALEIZR D Z D, EHLOFR
HHIZ W] EHELZ, o2k E, [EHLE0OFE
HiPH) M T2 L) &R L7

FEZ, [XFA—FFD10f5] OF—5% [EF)
2] WZOWTHEA L7236 01MEIZ0.881 ThHh - T, #ED
BWEENLHEZD0ILL EIZHEWETH 5, 2K
L, [ 2—=%¥0D5f%5] OfEIZ0834TH-> T, WA
MEWEESNLEHZD09D L DEIF0.066 THDEH, T
DTN, BFHTr—AIOowTYH, [EFLOFES
B [ L] &R L7,

[AHIE ] 12DV, KIZ [RMSEA & 5L, [/
FGA=SHDI0ME] OF =% % [EFNV1] 22Tl
A L7%AOfEIX0.087 TH > T, AITEHTIHERZEBD,
BAENELBE SNDLHED008UT L, HAENAME &
NZEZD01L LD, HEMOMEE 2> Twnd, Th
WZxrL, [739 A= 8D 5f5] OftiiZ0.099 TH - T,
HEPAHEE SNDLELD01UELIFIFELVETH
bo SO ENL, BFT—RAIZOWTYH, [FEH LD
FEAHPH] M T2 L] &R L7,

FfEZ, [ A= Fo10fE]o7—2 % [E7)V2]
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Table 21 /8T XA —=ZHBO10G50OT— 5 2 FH L -HAEB LSO T— & 2l L7256 0@ EREORIRE (A - BHISOIER

FEROYE)

Results of the estimation of fit indexes using the data 10 times as many as the number of parameters and the data 5 times of parameters (case of

non-farmers in area A and area B)

A H I B Hbis
CFI RMSEA CFI RMSEA
T=5 fi fif il fiE
By % S L - — i - —— FEALL
ITGA ST R e ISTA TR e S NG RA NG e TR RT R
- C OFE - k2 - C OFH " o OFE
— 5% =5 i — 58 =5 i — 58 =5 i — ¥ -5 i
D10fE D5fE D10fE D5t D10fE D5fE D10fE O5fE
390  0.897 0.087 0.03  0.881 0.085 0.03
L % EY)) HY
. 195 0.858 0.099 0.01 0.887 0.081 0.06
EFIVI
e
0.897 - 0.087 - 0.02 0.886 - 0.084 - 0.03
(400)
350  0.881 0.088 0.16  0.853 0.090 0.04
L L EY)
. 175 0.834 0.101 0.12 0.908 0.072 0.17
EFI2
Z%
0.884 - 0.088 - 015 0.867 - 0.087 - 0.02
(400)

i) L3, CFl1E RMSEA GG RS Z R L, SITakmelkariiatez &3

WZOWTHH LA 0fEIZ0.088TH Y, [/XF 2 —%
BOs5HE]OfEIZ0.101 THDH, O Lnb, HEr—
AZOWT L, [EMHLOFFEHF] Wi [2L] &%
L7,

Wiz, [BHI] o [CF fxRa L, [ 2—%
D10 OF =% [EFIV1] IZOWTHA L2354
DEIE0.881, [/3TF X —=FHD 5] Ofitil£0.887 TH >
T, W, BADPRVWEENDLHLZD0.9LL EIZE
WETH B, DI D6, HBEGTr— AW TIT,
[T A= EBOSHEOT—2 ZHHTHI EIZL D
ENRNEEN R DI EH, ERLOFAETHEICHL ] &
ML, 2ol e, [FEHEOFEGHIMIIS D ]
EFRFE L2,

RS, [ A=%D 10f5] OF—%% [£F)W
2] WZOWTHEA L7236 0fEIZ0.853 ThH - T, #MED
BWE ENLHEZD09L EEDFEIZ0.047TH D, I
R, 789 2= 8o 5k5] Oftid0.908 Th - T,
HMEDPRWE ENLHED0IUETH DL, ZDL I,
NI A=FEDI0RBFOT—FIZHEL TWRVWDT,
223HTHREBY, 25 ZLETN 2% M- CTBHh
OB T— 5 0T A 2 LY TR WITREED D
o TOZENDL, M —AIZOWVTUL, [EH LD
FEAHEPH] M T2 L] &R L7z

[BHus] 22T, WIZ [RMSEA| iz R AL, [/3
FA=F D105 OF =% [ETNV1] IZDOWTHiH
L72¥A0fEX0.085 Th o T, WENZNKESINDH
ZD0.08LUT L, BMEVABEE INLELD01L LD,
FREIA OMEE 72> TWh, THIIXTL, [8F2A—=%%
D5 ] OfEIZ0.081 TH - T, WEVEYEENDLH
ZD008LLTIZ, IFITELTWDE, 2O LD, B

= Ao WTIE, [ERLOFEGE] Wi [H0 ]
EFRFE L7,

FfEZ, [/ A= Fo10fE]o7—2 % [E7)V2]
WA L7238 OfEIZ0.090 TH > C, HENZLKE S
NZHEZD0.08LLT L, #MENABE SNDHLDO.1
Pbo, mfoEE R >TwWb, SHIZRL, [/85
A= ED5ME] OMEIZ0.072TH- T, WENWELE
ENLHZD008LLTTHDL, ZDOT Lns, HFEr—
ANZOWThH, [FEH LOFEHA] Wiz [adh] L3k
L7

Dok, "gx=3¥o10f507— % il
L7BEestior—4 2R L7-%E0#A % F
fili - JWECL7285R, 87 — AW S —RAIZBWT, /X5
A=Y HOSEOT =5 T 52 12X DHEEDIA
BRI B 2 e, EMLOFEHFIZZ W EHEL
72 2OZENDL, BHENFHRELTITA—FIHD
SEHEDOTF— ¥ EMETAI L, LFLLMEY TRV
ENIRIEEN D,

B, balkL7z&9512, [BHIE] o [CFI] offi,
[T RA=FHDO5E] OF—%% [ETN2] 1220
THHLZELE #BEPREVWEEINLIHEZD09L L
(0.908) £ 7Z%->T\wh, F72, [BHilsi| @ [RMSEA]
oftiix, [ x—=¥os5fE] o7F—5% [€£7)2]
WZOWTHER L72Wa, #EPZHE SN HEZD0.08
T (0072) %o Twh, TNHDOZ EIZELT,
(2% (400) ] WIZRL7ZEBY, &BF—7 #HHL
72858 O CFID#IX0.867 T 1), RMSEA D113 0.087
Thb, COT b, BFE2TF —AIBVWTHEHADVE
MolzHBAD 1oL LT, F—¥ 2 EIEAE L 2B
2, T DR O3 L REEITRIZE S LA
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Z Z°C, Table 21 1278 L 7z #E B ERFAMIE R IC D W C,
B #u38, T CFI, RMSEA & & |2 [FEH oA W
BIHN]ITHL[ETVIIDOISIMERSL L, /8T 2 —
FEDOI0GEDT— 5 R L7256 DHEA50.003, 737
A=FBOSEDOT—F % R L7236 OfEA0.006 &
o TWWh, HALCHNS L 2fEDETH LA, A
FRETIDETHDLI NS, EIIRELBVWEEZZ
5o

33 BREEEFEFAVSC LI 2 MEMNTTMIEE
D& F E5BE D3R A

SLIIHTHR/ZESBY, Fz IR LZET IV -2
flioC, MkBiMEFTEE L BT 5 2 L AT E B0 HE
Whid b EHEENTZ, T2, 3A2HTHRRZZEBD,
fBENTEE LTI, EFVIOND, EFLV2ICH
RC, 7= L OBMEDFH I B EHANZH 5 Z LA
IR E Nz SH12, 32T BY), 1T 2 —
FBOSEOT—F 2T A EIE, KT Lb#EYT
BWZ EATRIBE NI,

DloZ s, iR EFiLEL LTE, ETM0T
1389 THo7/8TF XA =5 ¥%, 39F CHIW L7-ET IV
12, 78T 2= B 105124 F 5390 AT — %
REHTLIENEZOND, T2, TOFEEHVD
Zlizky, fEEMEFMEEORLICNE R T8 %,
#7800 N30 5 390 N43 T o & 2 W HEMED D 5 o

RO Z EF, ERFMFHAIZ0FL EOEETH
E, SRR s RN C & 2RO H L Z L %
BT 5, 22T, AiHOTable4x B 5 & JERRT
BRI 467 F UL EORERFE ORI, 2R OEERD
14.0% (100.0% — 86.0% ) % &, 280 LI Lo L,
21.8% (100% — 782% ) %5 h, 2O &h b, %
GLTRD S E, FFRFMNEA390F L EOEEL,
ERO1TBREDLLDEEZONL, [ ETHAL
£912, BUTOREIIREREFEO 1 HIRREICETTE /2
A, EROBBERTEEHVLZEIZXLY, 17%H
EE CHMAEHEIERT A ENTELTERELND 5,
$72, Tabled IR L7 BEBOFHISSNTTREZOT,
ROz L, BEEEATREREFETN4 T S
((17% —10% ) x 58,1774%) WO H 5 2 & %
K5,

B, RETHONIHE L2757 — 21, GRIEHAEC
IDVAFLAEZODLOT, RETHMBLIHEREEZEED
SIS OWAEG RSN, L) —EEodH
LA EL oIy, S F SF RBHAEIC L D0
HRAMAEN T ZEDPEBETH LD, KHUTZFD
T2ODERD 12127 5,

NV &

[l

JRFERTEZ D B K O PR OAMEFFE BANIE R

FERICHFICSM L CE S 7201213, 1S odr)8adE
TTE) D HESGEE DA A LA HERF B PR 2 B0 L, BT
HORRE#ETHIEDVEETHD, ZOBE» O EHE
WIZEIC BT, A BT 57200, Hkbi i
PRESN TS, LaL, BECHEHIZH00 A5G0
BRAEONE T — ¥ BLETH LI Lnb, #AT
ELHREAR SN TV D,

ZIT, AITIE, BEZ LIV DRV AHGOT—
Y THEIBT A THEE, 200MIROIERFERD 5157
T =& B TR L7ze ZOKE, (1) #r7z Icfk
L7222oDFTFVDH L, [RERKICET LH#] &
[ DEEER] OMOEREZEMELIZET VIO HH
T8 L OBMEDVHHIWICEVWERICHEZ L, (2) €
TNV EMED &, BT — % %800 N7h 5 390 A 5r
FTHOE LWL H L Z L ZR LT,

—75, ARECTHONIEN L 2EMRHAED mE 7 — 5
X, 17—ty MlEIZLIDAFLZLDOTHY, 1
Yy =4y PAICIE, RHEME IR S 2 L8
TERVWEVHIBRARDHL (HRY—Tr 71427
F— T, 2006)0 TD72%, R LB R
WSRO RAEEICRONL, T2, MEHCHWEE
EREOHIZIE, EEPRWI & FEIORTHEE 2o
TRV ODPEEH -7 TO10, L) —FKEod
LA E L oI, S F S E RBTAERICL 00
HRAEAENRN T ZEDPEETH L, S50, K
TR L7ZESEN TR o254, M mEiEo
THEFIIITO VERED S 17%FE £ TIERT 5 D
OO, KKELT, BHTELWE L OEENHFELET
%o

FNTH, R, BEOFMIILELRT— 5 Br
WCELMEMEOD L FFEERL, TOT LIZLHIHE
O OIER R4 TEF IR R AT NDS
Zenn, PN R THEBRN NG L LT, &
MM EmERICE Y T 02 bDTHL, D7
O, S, T, HRECTEEPAGTRRE o % P 2 —FE L
KERDLUREENH DL L0, /5T A= FHEHIKT
LREE LT, BEEHENET 2 BINERORE S
T EEMETLZEIROOND, E 512, A
W L72BIC T — 5 OfR Y o584 L EetEcx s 2 72
W, 7= MR NIy FEEHOEEEAERTIZOWT
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Simplified Calculation Techniques as an Indicator to Evaluate the Sustainability
of Non-farmer Participation in Activities for Maintaining Irrigation/Drainage Canals

ONIMARU Tatsuji*

*Laboratory of Project Evaluation, Rural Development and Planning Research Division

Abstract

In rural communities of Japan, an aging population and increases in mixed inhabitation have
reduced the workforce available to maintain irrigation/drainage canals, so cooperation of non-farmers
is required. To encourage the continued participation of non-farmers in maintenance activities,
organizations for maintenance activities in rural communities with low sustainability of non-farmer
participation need to be sorted and supported. From this view point, a previous study proposed an
indicator to evaluate the sustainability of non-farmer participation in maintenance activities using
“Structure Equation Modeling with a mean structure’. However, the application conditions for this
indicator (calculation of the indicator requires 800 data sets collected from 800 non-farmers) limit users.
Therefore, this study developed a simplified calculation technique as an indicator that can be calculated
with less than 800 data sets. The following results were observed: (1) in two newly developed causality
models, fitness indexes of one model that skipped some factors between ‘knowledge” and “willingness”
showed a better fit than the other, (2) the model developed in this study can reduce the number of data
sets necessary for calculations of the indicator from 800 to 390.

Key words: Irrigation/Drainage canal, Maintenance, Participation in maintenance activity, Indicator to

Evaluate the Sustainability, Structure Equation Modeling with a mean structure
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Method to Check Mistakes and Omissions of Survey Data for Locations of
Abandoned Farmlands Utilizing Google Earth
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Abstract

We devised a method to detect farmlands that may have been mistaken as abandoned farmlands
by a survey (mistakes of the survey data), and farmlands that may actually be abandoned although
not identified by a survey (omissions of the survey data) utilizing Google Earth, and examined the
applicability of this method in A-city. First, parcel polygons (parcel boundaries from a lot number
map) of farmlands targeted in visual interpretation of aerial photos were narrowed based on values
of the normalized difference vegetation index (NDVI) derived from satellite data acquired in May.
Subsequently, the parcel polygons of farmlands considered abandoned by the visual interpretation
of aerial photos in Google Earth were extracted. Next, we extracted parcel polygons of abandoned
farmlands that had been identified by the survey using the survey data for locations of abandoned
farmlands. Finally, the parcel polygons of farmlands that may not actually be abandoned although
determined abandoned by the survey, and parcel polygons of farmlands that may actually be abandoned
although not identified by the survey were examined by collating the parcel polygons. As a result, we
found that it is necessary to use the parcel polygons of farmlands listed in the farmland ledgers instead
of parcel polygons whose land category in registers are rice fields or upland fields, and it is also
necessary to perform visual interpretations for all parcel polygons of abandoned farmlands identified by
a survey to check mistakes of the survey data.

Key words: Abandoned farmlands, Satellite data, NDVI, Google Earth, Visual interpretation, GIS
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Parameter settings for the coastal area in Iwate prefecture.
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Steady state values for endogenous variables
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¢

4% AT 1%, Matlab (R 2015 a, MathWorks Co.Ltd.) %
0" Dynare (Collard and Juillard, 2001 ; Schmitt-Grohe and
Uribe, 2002) % fiV:7z, E7 VDI — FIZDFO@E) T
5o
/I Endogenous variables

varY, C,IK,1Z, Z, L, W, R, CZ, A, B;

/I Exogenous variables

varexo €, u, tauc, taul, tauk, trans;
/| Parameters

parameters alpha, alpha 1, alpha 2 , alpha 3 , beta, deltak,
deltag, gamma, zhi, rhol, rho2;

/| Calibrated parameters

alpha = 0.4,

alpha2 = 0.10;

alphal = alpha* (l-alpha2) ;
alpha3 = (l-alpha) * (l-alpha2) ;
beta = 0.99;

deltak = 0.06;

deltag = 0.02;

gamma = 0.40;

zhi = 5.0;

rhol =0.9;

rho2 = 0;

/I Equations of the model economy
model;
(1 +tauc) *C = (gamma/ (1-gamma) ) * (1-L) * (1-taul) *
(1-alpha) *Y/L;
1 = beta* ((((1+tauc)*C)/((1 +tauc)*C(+1)))
*((1-tauk) *alpha*Y (+ 1)/K + (1-B*deltak) ) );
Y = A*(K(-1)"alphal)*(Z(-1) ~alpha2) * (L alpha3)
+ trans;
K =1 + (1-B*deltak) *K (-1);
Z = 1Z+ (1-B*deltag) *Z (-1);
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Y=C+1+CZ+1Z
1Z = tauc*C + taul*W*L + tauk* (R—B*deltak)
*K + trans— CZ;
CZ = 0.1*Y;
W= (lfalpha) *((zhi—1) /zhi) *A* (K (-I)Aalphal)
*(Z(-1)"alpha2) * (L* (alpha3-1) );
R = alpha* ((zhi-1)/zhi) *A* (K (-1)~ (alphal—1) )
*(Z(-1)~alpha2) * (L~ (alpha3) ) ;
log(A) = rhol*log(A(-1)) +e-u*0.3;
log(B) = rho2*log(B(-1)) +u;
end;

// Initial values

initval;
tauc = 0.08;
tauk = 0.1;
taul = 0.344;
trans = 0;
Y =1;
Cc =075
L =023;
K =3.5;
I =0.1;
Z =2;
W = (l-alpha) *Y/L;
R = alpha*Y/K;
CZ = 0.1*Y;
1Z = tauc*C + taul*W*L + tauk* (R—B*deltak) *K—CZ;
A =1;
=1;
e =0;
u =0;
end;

/I Steady state
steady;

// Blanchard-Kahn conditions
check;

/I Temporary shocks in deterministic models
shocks;
var u; periods 1; values 0.5;
end;
shocks;
var trans;  periods 3:20; values 0.07;

end;
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A research note about analysing the economic influence of
East Japan earthquake disaster

— Application of Dynamic Stochastic General Equilibrium (DSGE) Model —

Yoji KUNIMITSU*

*Rural Development Planning Division Chief Researcher

Abstract

Recovery investment after big earthquake and tsunami can improve regional production, but recovery
of residents’ consumption is usually delayed relative to production. Conventional economic model
cannot reproduce such chronological nonconformity between production and consumption. This study
aims to show whether DSGE model duplicates chronological nonconformity, and to measure efficiency
of recovery investment in Iwate coastal region where east Japan earthquake occurred. The analytical
results show that (i) consumption after the earthquake followed the hump-shaped path, on which
reduction of production peaked with some delays after the incident and then recovered, (ii) production
rapidly decreased and return to the self-recovery case when recovery construction ended, and (iii)
recovery investment benefited via accelerating reconstruction of capital stocks damaged, and it was 1.4

times more than investment costs.

Key words: Recovery investment, chronological nonconformity between production and consumption,

benefit cost ratio, reconstruction of capital stocks
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Greenhouse Heating and Cooling Tests with the Geothermal Heat Pump Systems
using the Shallow Surface Waters and the Shallow Underground

OKUSHIMA Limi*, ISHII Masahisa*, MORIYAMA Hideki*, IWATA Yukiyoshi**,
GOTO Masahiro***, SASE Sadanori****, TATENO Masayuki***** TAKASUGI Shinji*****

*Controlled Environment Agriculture, Agricultural Environment Engineering Research Division
**Farmland Soil and Water Management, Agricultural Environment Engineering Research Division
***Renewable Energy Systems, Renewable Resources Engineering Research Division
****College of Bioresource Sciences, Nihon University
*HHA*GeoSystems co.

Abstract

The water - air heat pumps with the heat sources of the shallow water pond and the shallow
underground were heating and cooling the small greenhouses. The experimental data of the heat pumps
and the heat sources were collected. The COP (Coefficient of Performance) of the 2 kW heat pump
with the shallow pond heat source was 4.6 at heating mode and 3.7 at cooling mode. The COP with
the shallow underground was 4.4 at heating and 3.5 at cooling. The heat exchange efficiency of the one
sheet type heat exchanger in the pond showed from 589 to 1302 W C ' depending on the presence
or absence of the water flow around the heat exchanger in the pond. It was considered that the heat
exchanger could supply 2.4 to 6.0 kW to the heat pump when the temperature difference between the
heat pump circulating water and the pond water was 3 C, which was the averaged value during this
test periods. The heat exchange efficiency of the sheet type heat exchanger under the ground was one
fifth to one forth folds of efficiency in the pond. The total heat resistance between the heat exchanger
and the underground soil was 8.4 to 287.4 m K kW ' at heating and 5.4 to 138.0 m K kW ' at cooling,
and those heat resistance proportionally increased as the larger temperature difference between the

circulating water and the natural soil temperature.

Key words: pond water, geothermal source, heat exchanger
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Principle of automatic lining surface tracking
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Outline of automatic lining surface tracking system for taking continuous digtal movies
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An example of tunnel lining decelopment view which was made from movies taken by automatic lining surface tracking
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Detected crack less than 1 mm width
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Evaluation of Applicability of the Continueos Scanning System
for Irrigation Tunnel Lining

MORI Mitsuhiro*, ASANO Isamu* , KAWAKAMI Akihiko* and KAWABE Shohei*

*Laboratory of Faciliteies Engineering, Facilities and Geotechnical Engineering Research Division

Abstract

Authors developed two types of digital scanning system to take visual information in agricultural
irrigation tunnels quickly, efficiently, and accurately. One is a continuous digital laser scanning system,
and the other is an automatic linning surface tracking system. The laser scanning system can be applied
for a survey of a tunnel lining when a water supply is stopped even in a short time. This system can
detect all defective events in a concrete lining as a continoues digital image using the distribution of
reflected laser. Automatic lining surface tracking system can survey a tunnel lining surface under water
servicing. This system can also detect all defective events as a digital movie by three CCD cameras. In
this report, we describe technical summaries of these methods and show a result of onsite experiment.
As a result, we confirmed that these techniques could be applied as an alternative technology for a

visual investigation.

Key words: tunnels for irrigation, Functional diagnosis, cracks, continuous digital scanning system,

laser, automatic linning surface tracking system
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Survey sites of small earthfill dams
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Survey of Small Earthfill Dam Damaged
by Debris flow due to Concentrated Heavy Rain in August 2014

SHODA Daisuke*, YOSHISAKO Hiroshi*, KONNO Michiaki*,
INOUE Keisuke* and SUZUKI Hisato**

*Facilities and Geotechnical Engineering Research Division,DisasterPrevention

**Department of Planning and General Administration,Senior Disaster Prevention Research Coordinator

Abstract

This study aimed to survey and analyze the small earthfill dams for agriculture in a case of sediment
disaster due to concentrated heavy rain. In this paper, subjected to the disaster of sediment flowed into
small earthfill dams by heavy rain in 2014, the following three survey and analysis were completed.
1. The danger of sediment disaster was calculated. 2. The survey of broken small earthfill dams was
conducted. 3. The volume of sediment was calculated. As the result, the sites around the small earthfill
dams were also at increased risk from the analysis result. 3 dams out of 8 surveyed dams were broken
by this rain. Verifying the disaster reduction function of small earthfill dams, the function to catch
the water, mud, sand and debris should be considered. The amounts of transportable debris flow due
to rainfall of yearly exceedance probability of plan scale were larger than the volume of dams. The

calculated amount could offer the potential for a better prediction by verifying the parameters in details.

Key words: Small earthfill dam, Concentrated heavy rain in August 2014, Debris flow, Survey,
Culculation of transportable debris flow
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Remote observation of turbidity and estimation of concentrations of
suspended solids, total phosphorus and radioactive Cs in irrigation facilities

KUBOTA Tomijiro*, HAMADA Koji*,HITOMI Tadayoshi* and SHIN Moono**

*Department of Hydraulic Research Division
**Agricultural Radiation Research Center, Tohoku Agricultural Research Center, NARO

Abstract

With the development of the information and communications technology (ICT) , remote observation
and control of irrigation water is becoming easy and less costly with each year. However, more
sophisticated technology would still be required for future irrigation management with environmental
considerations such as conservation of water quality. In this study, a low-cost remote observation
system for monitoring water quality was investigated and methods for estimating concentrations of
suspended solids, total phosphorus, and radioactive cesium by the system using the output of turbidity
sensors were evaluated. The proposed system could achieve remote water sampling at an arbitrary time
through PCs or smartphones. This feature enables safe water sampling in restricted areas or during
stormy weather. The overall features of the system are as follows: i) 8 analogue inputs for analogue
sensors and 2 digital inputs for rainfall gauges; ii) remote water sampling at arbitrary times through
PCs or smartphones; iii) utilization of mobile communication line ; and iv) 10 min interval for default
observation . Good correlations were found not only between turbidity and total suspended solids
but also between turbidity and total phosphorus. The concentrations of total suspended solids and
total phosphorus could be estimated from turbidity values using these relationships . Furthermore, the

concentrations of radioactive Cs could also be estimated in a similar manner.

Key words: total phosphorus, radioactive cesium, turbidity, suspended solids, remote monitoring

system
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L U'PMD581B2E) 12 & o THK L 720

22 [BRRREEE

BTN B A e B BT K BB, MY B —Em o
FKREMETLLDOTHS (Fig. 24 -

CCTIEBEBWAKEO LA S E Z0.5mo i iE
12, B209moOMEK A 7 (WHEIECE VPI3A, WNE
13 mm) & fER KR L2 S 52 S R OR 104
SPATICHESE L2 0 %F 28y b (B S A 770N, B8
17K AEL, TREROBRKSA TTHIHLSA T
INE P 0.5mm, FEM/SA T KIZ P 1.6 mm DR %S IR
W10 ARV, 784 FIZER L 72K E ZDRPS T
FICHET S L8 E Lo, B, Fig 2 TIXBEM /S A
TINEIEM, TS TRIIEINCEE L CTh 525, FE
WAXBERR S A 770, BERIZS A 7Rk E S, Rk B
OMEANIE E N TV 5, 72, DITICRE T EBRIZRER N
A TINDIR T TV 5,

FEMFSAE S AN DFRKIE, 253 1,000 L O KA &
Yomh, BHEAKRYT CEABEBREAT LAY
A — FR 2 720CIT0401) |2 & o TPV, ka4
BT AH7-00ER (7 AT U iiEEAI-0354-040 3 X OF
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WRE L7z 8 2 A, REE CTHFR T HE 2 Bk 1220 ~
170 mm/h TH > 72,

23 MHRERE

S OREETIZHER L T nds, 1ElL2ZEICIE
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Measurements and sampling points for resistance
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Table 1 KT 2 — 7 EMNE—E

Locations of sampling points

X Y X Y
B-1 0.160 0.926 E-1 0.780 0.926
B-2 0.192 0.775 E-2 0.814 0.775
B-3 0.163 0.577 E-3 0.775 0.577
B-4 0.195 0.378 E-4 0.712 0.378
B-5 0.160 0.177 E-5 0.782 0.177
C-1 0.342 0.900 G-1 1.104 0.900
C-2 0.342 0.700 G-2 1.104 0.700
C-3 0.342 0.550 G-3 1.104 0.550
C-4 0.342 0.400 G-4 1.104 0.400

X AR 5 ORFEEm), Y JERE A S O E (m)
G-1~ G-413KF 2 —77% L (BERIDRDH)

3.2 EEBRZM

RIFFECIFFERRRKE LT, HRAKIEHAK, KIS
FIEEEDS3% &7 B X DS, KBTI FKEARIZED L7z
DOE[H L7z, BKER S » 7 ICFTE DK & REHE %
WAL, HARMERR Y 712 &) RIS & > 7 KERo K
BHIKL, Bk LK BSOS 5 > 7 EERICEE LGSR
SED L) FNHTHEIBEZIT VIR EIER L 720

RABRTIE, £ 9K AR LKL, KAZ
IR 2> 50.85m (DUT/KA70.85 m& fid) 1 FRFEL 720
K OMPIREE X, o X )2 L THikE oI
BESEIRETH - 72,

ZF DB E R X o TR LI 5K
MR 5 L L DI, HPUHENE L v — 1T X B
KEHNOIEPERE L, TAKF 2—THh5OFKBE &
OVEC 52 % — 5 RE Y P PR 4 A 2 20t L 72 BRI Hb BT AT
B E COWER R DIRIRBE TSI L HEE SN L EAT L
L, Fa—7WERLAZRY FICE)REL DS, &
FICEY AR e n-=hFay 7 #BEH L T2 > 72

F 72 G-1 ~ G-4 122>\ IR K B AT 2 & E >
) YV THRKELTS 72,

Fig, 5 |2FEEBT OFEEORIN %, Fig. 6 2N I E R
12 & B PR BHEIRIL Z TR T

FEEFEITCE T L 0L ELUTOMY THh b,

FEK I R AR AL © 0.85 m

7K EE © 68 mm/h

oK ZEAERE - 4.5h

FRAKIEEHI IR © 30 min

PPUENE 2 > — 7 — & BUSEER S © 10 min

Vv # R

41 BKICK 2EEEHEKERDEC BIERER

Table 2 ([ZFRAKIZ & » TH S NZ2IEEER K IEN D KD
ECHIERRE R,

SRR K N 0 EC AME W FEI L, BRI 0 #%

Fig.5 FBREHE
Photograph of experimental device

Fig. 6 FEAKSS AR

Photograph of rain generator

BWEEDIEAIEBLOERIIERLTVwD, 202
CAIPERN TS SR E I X o TR S N3RS, IR K
JEAIIZEL TnbH I e 2R LT 5, TR g
EBICALIE T 5 G-1~ G-4DECHOEAL % A &, EEF
1.5 R 2 | IR IR AR AL £ 0 015 m IR W AZiE 12 &
% G2OECHHEMNZIIERTEBITET L. 20 L)
2R EC O, HREE # T A AL F CHEK
oo, RO E & HITRKIE o2 L ER
LTWaEEZLNL, FERIZHEAKEARL LD 0.30m
045 mEWAIEIZH B G3B LG4 TIE, #hEhFHE
BRBAAG 2.0 BEI 20 © 2. 5 W 14, 3.0WFM #2720 & 3.5 I IH]
B2, ECHEBIMRT Lz 2 TIMRIZHEAK & ik
DERZMEDOHOEC TH 52,000 nS/m & & < &,
B TR A - 7B 1X G-2, G-3, G-4TENZEN
FEERBIIAD S 1.5, 2.5, 35HEEETH b,
CHUIH L TG-1~G-4 LD 03~04mlT A
IV E-1 ~ E-5 O C, HKREFEMEKA L D 202
10.075m, 0273 m{XWf7iEIZH % E-2, B-3TlE, W
THRAKIRNZ A - 72 B L 2 2 IV EBRBA 4G 2> 5 2.0 e R
%, 40MMEE, G2, G3ICHNTEP-72, T3
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RIFRAEIRAL L D 0.473 mIRW 7 124 D E-4121%, 5
BRI EC IR L 2o 726

G-1~G-4 X1 0.76 mIEAKEFEE 2T NC-1 ~ C-4D
b E-1~E-5 L [AETH o 7245, ECHZILL TS
BT ICBWCC2 L E2, C-3 L E3MECZILIKT 5 &,
WIS HEARKIE ARSI C-2, C-3DECAYL D) BV E
D o 72,

SRl DRI E T Tl b KB KA 12TV B-1 ~ B-5D
e, HEOKEFRMAKAL L D ZN210.075m, 0.273 mik
WALTE 12 & 5 B-2, B-3TlE, #0 CTHRAKIICA - 721
M F N IERBIIA D 2. 00 2, 45K B TH Y,
BEIXC-3, B3RS, FEEIEE UEER (2.0
Mith) I2BIFHECHC2, B2L W iEholz.

42 EERKEBADERZEL

YU E L =12 X 2 HETIE, #RilE 4,536
D) HT— 030N /-0E33260THY), 7—%
PAAFEIL73% CTH - 720
BREIIEIWMARLIX10Q~1X100QDF—F—D
HIPINTd > 720 AT OF-MHE L FEERFIAG I 8.8 X
1°QTH-o72b DA, EERIETRIZIZ23%X10°Q & %5
720 WSROI EOWEEIT T, FERPZZnE T
1 X10° QD+ — % —Tdh - 72IKPUED, 105 HOME
T X100 QDI —F—I2WinT 2BEHr o5, o
NASEIKIE D HIRKIBANDOBIT 2R A T D EELHN

Table 2 EC 524

Results of EC measurements
R 0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30
B-1 4410 136 389 334 332 - - - -

B2 — 4560 4500 1590 78 522 41 434 3338
B3 - - - = = = 4560 4150 289
B-4 — - — 4420 4420 4460 4480 4470 X
B5 - - - - - - - - -

C-1 4440 181 604 436 36 319 - - -
C-2 4460 4460 4460 816 549 385 365 — -

C3 = = — 4420 4550 4500 4490 1402 117.6
C4 — = — = = = = 4480 4460
E-1 4510 407 318 296 - - - - -
E-2 - 4480 3730 589 424 378 417 34 315
E-3 =  — 4510 4470 4490 4480 3740 1124 56.4
B4 - - = = = = 4540 4480 4530
E5 - - - - - - - - -

G-1 4300 1754 313 277 26.8 - - - -
G-2 4270 4300 239 37.8 29.1 289 - - -
G-3 - — 4380 4390 1043 77.5 43.8 40.6 37.3
G-4 - - - — 4540 4020 469 59.8 42.6
HifL (mS/m, 25T, Wi EERBHLG 2> & OFB IR

- TlEET (o7 —% L EHETEE), x ClEI A
a1 2,000mS/m i

5o

Table 3|ZHUF L7727 — % D9 B, 5 &P A5 K
S PIRIBUCRATT 5 & & DEMBEOZALDOB %IRRT,

EhiEEE v —THONE T 4121045 %@%0
HOESMHETH Y, WREeET— 5 2 B/iliT5 2 LidEE
T OHRE LHEL v & O TIIEEET KIS O i) &
BRIz J:OTEC%(EUELfJHIJO)%#’L%ﬂ@«EIJ”"”F)?
BT, EBRBHBE,» SEIE2 1 X100 Q%82 5 F T
DFEMEEER] % Table 4 1278 T,

KT DKM L) THOX =12 81F %5
Table 3 JRIUEDZEALH]
Example of change in resistance
] 3:10 3:20 3:30 3:40 3:50 4:00

A(69.5) 4.23E+05 3.83E+05 3.60E+05 3.49E+05 3.49E+05 3.46E+05
A(66.5) 5.55E+04 8.87E+04 1.55E+05 2.21E+05 2.31E+05 2.24E+05
A(63.5) 4.50E+03 9.00E+03 2.87E+04 9.09E+04 1.96E+05 1.84E+05
A(60.5) 2.83E+03 1.95E+03 4.16E+03 1.70E+04 6.07E+04 9.66E+04
A(57.5) 3.77E+03 1.99E+03 1.94E+03 2.82E+03 1.03E+04 5.14E+04

HALD Q. A 1.0x10°Q 22 2 EME, () dt ¥ —&3 (em)

Table 4 HHUHEAS1 X 10° QZBR 5 T TOREMIFER
Times when resistance conspicuously increased

tHE(m) A% BF C% DF  EF FH  G%l

0.945 1:00 1:00 040 1:30 0:50
0.915 1:10 1:10 0:50 1:30  1:00 1:00 0:50
0.885 120 1:10 120 1:30 1:220 1:10  1:00
0.855 120 1:40 120 1:40 1:30 1:10
0.825 120 1:40 140 1:50 1:50 130 1:10
0.795 2:00 1:50 2:00 2:00 2:00 1:40 1:40
0.695 3:00 3:10 2:30 220 3:00 2:40 2:10
0.665 330 310 2:40 2140 310 3:00 2:20
0.635 3:50 330 2:50 250 3:30  3:10

0.605 410 3:40 320 3:30 3:40 3:40

0.575 — 350 3:50 400 3:50 3:50  3:30
0.545 — = 410 420 410 410 3:40
0.475 - - - = = = -
0.445 - - - - - - -
0.415 - - - - - - -
0.385 - - - = = = -
0.355 - - - = = = -
0.325 - - - = = = -
0.225 - - - - = = =
0.195 I
0.165 I
0.135 - - - = = = -
0.105 - - - = = = -
0.075 - - - - = ==

SEERBHAG 2> b DRG], & > IR R I A A
— CBHE RN L. Ze 0 U &0 AR
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Fig. 7 KL > XMTHEE GEN S (2000) 12NEE)

Schematic of freshwater lens (retouched with Inouchi et al. (2000))
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Laboratory Experiment for Reproducing Freshwater Lens in Artificial Aquifers

ISHIDA Satoshi*, ARITA Tomoya**, CAO Yingjie***, TANG Changyuan**,
SHIRAHATA Katsushi*, TSUCHIHARA Takeo* and YOSHIMOTO Shuhei*

*Renewable Resources Engineering Division, Water Resources Engineering
**Chiba University
*#*Sun Yat-sen University

Abstract

An artificial aquifer of 2.2 m width, 0.8 m depth and 1.05 m height filled with Toyoura sand
was installed in a large-scale experiment aquarium to build an experimental device that reproduces
freshwater lens in the laboratory. A sensor that measured electrical resistance at 360 points in the
experimental device was attached, and a system to measure resistance automatically at predetermined
time intervals was concurrently constructed. The artificial aquifer was filled with saltwater supplied by
tanks of saltwater on both sides. Afterwards, freshwater (simulated rainfall) was added from the upper
part while keeping the water level of the saltwater tank constant. Measured electrical resistance of the
artificial aquifer indicated that the freshwater area in the central part was thicker than the one at the
edge and that it formed a convex lens boundary below it. The size of the freshwater area expanded
during the experiment. This result shows that freshwater lens can be reproduced with this device. The
resistance distribution in the artificial aquifer acquired in the system corresponded to EC measurements
of the water. The rate of data acquisition for the system was 73%. This rate is lower than expected, so

the measurement conditions must be modified.

Key words: Freshwater lens, Experiment, Groundwater, Aquifer
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Differences of scouring volumes in time series by riprap types (2)
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Differences of scouring drop in time series by riprap types
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Restraint Effects for Scouring in Downstream Riverbed Drop by Riprap Types

— Effects of Geotextile Layer and Connected Rriprap —

TSUNESUMI Naoto*, TAKAKI Kyouji*, SHIMAZAKI Masahiko* and YOSHINAGA Ikuo**

*Hydraulic Structures Design and Management, Hydraulic Engineering Research Division
**Ministry of Agriculture, Forestry and Fisheries, Secretariat of Agriculture, Forestry and Fisheries
Research Council, Office of Director, Research and Development

Abstract

Many diversion weirs have risks of piping, structural unstableness by their downstream scouring
from downstream riverbed drop. The drop occurs by downstream excavations to protect downstream
city areas from large floods. Management actions are required to extend the life-span of diversion weirs
for the downstream condition. Therefore, we examined restraint effects for scouring by downstream
riprap types through hydraulic model experiments with movable bed in a representative condition of
diversion weirs.

In these experiments, we examined with extra riprap blocks, extended apron and impervious sheet
piles, connected riprap blocks, large riprap blocks, geotextile layer and these combinations. Results
show that connected riprap blocks on geotextile layer have the best restraint effect for its downstream
scouring and perfectly prevent exposure of sheet piles in the condition of the supposed worst
hydrograph. And extended apron and impervious sheet piles for enough creep length is also required

for future improvement of a weir.

Key words: Diversion weir, Riprap, Riverbed drop, Scouring, Hydraulic model experiment with

movable bed
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Relationship between Froude number and the coefficient of roughness

Table 1 %% L7z EBRSA: (BOKiEK)
Experimental conditions (Gravel canal)

L,=20m, L,=10.8m, L;=10.8m, Hy=048m

R i CPIKEE PR R
un

LAIIVAEL TV—F#

m-s)  (m)  (m-sT) (m)
01 0.119 0.299 0.755  0.140 225997 0.441
02 0.149 0.349 0.811  0.150 282679 0.439
03 0.034 0.281 0232 0.136 65259 0.140
04 0.048 0.350 0.262  0.150 91699 0.142
05 0.050 0.289 0.331  0.138 95666 0.196
06 0.070 0.342 0.388  0.149 132877 0.212
07 0.069 0.282 0.469  0.136 132105 0.282
08 0.093 0.356 0.498  0.151 177316 0.266
09 0.090 0.283 0.603  0.136 170534 0.362
10 0.117 0.358 0.622  0.152 222553 0.332
11 0.105 0.291 0.683  0.138 198974 0.404
12 0.141 0.371 0.722  0.154 267828 0.379
13 0.123 0.297 0.786  0.140 233847 0.460
14 0.162 0.383 0.803  0.156 307964 0.414
15 0.141 0.299 0.892  0.140 266840 0.521
16 0.184 0.382 0917  0.156 349924 0.474
17 0.047 0.144 0.625  0.093 90006 0.527
18 0.103 0.232 0.842  0.123 195456 0.558
19 0.156 0.311 0.953  0.143 296492 0.546
20 0.057 0.163 0.668  0.101 108776 0.529
21 0.118 0.254 0.878  0.129 223175 0.556
22 0.174 0.324 1.018  0.145 330030 0.572
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L, BFEEE) O#IFANICH 5. BEKEETIZ0019E %D,
Iy ) — MKEOHIFEEZ TWb,

O L) ITKBEDORIIREEDEZ X 0 M EEREA R
%% 2 EDHIREIR ST,

3.2 FBHEOREE S &FiBlz DA

MoK, BEFEMR, WRiERITRE A v P ORRIEM S 8T
A= DHEEREF% Table 31278 T, HA5 (2008) (&
IKERRERIFEBR X 1) 45 5 N7 BRI O n &, BisREEEE
WEREOFEERMZ /8T 2 —F OFEMEN,S, (3)ik
POk & ERME ST A —F L OBGREFTEBRRZ D
ToOEBYRL,

k=2 X R, (4)

k=0.26 X R; (5)

T, mAIES Z, P S MO TFEHE SR b
BWILTE, RAKBRS Z, 3R BEVE, RAEH IR
Z, L Z,DEFTH Lo BTG S R, L, S D
DS OF S O EDOFIE R L72DDTH %,
BAEMICITH S MRIC BT 2 EERS 10, 1| mm MR
DOWEMBEIZBITZ, PR SH S MR E TOMED
HixHE A &5t L P L CRELT 5, SRNdAER S L5
i S 2 DRI L7z F 72 (3) 2o i BRI oML
GLIECTH A 720 (RS, 2008), FEH X 2 FHwCHl
MO EZIT o 720 BKBITHEEIL TH Y,
MEMR B A >~ MW 2> O M B I S S 7,
£ o THlkfEtlim -t 2 >~ bk ) o HEBE & 7%
%o

MR DRI IREE %, Fig, 6 128§ BEIC X 5 25EER
SHHEICENT WS, oMLK BT HEZ
HETH Do, HES (2008) 12X 5 &, EIHHMOM LD
WY AEEKRTINTA—FTHILAF 2 —F ARG LD E
R EEMA T 5N, K@), ) D#EHEED—L
LTWwWb, ZZTRy>0IE, RHOMHAKREZLRD
INTEER A SR WIS & S 53 2MR > THB Y, Ry=013,
MO S AR A TIIIIAE 250 Ry
<01E, WIEEBMAFE,SEWEEZRL, MYOE 4
AZINTEERA T VAR > T B o BEEREEFERIE, M4
KOFIRZRATED < B DIE Ry <0 DINZAT ST 5T
RTHY, HMEMELOEAIZHET S DIER, =01
THY, ke LTI DOTODOTIRSEE & Tk
THDHIENRENT VD, ZOLEMEEARBIZH TIL
DbHE, Re=-037T, XN@4), S)DBEHHFHNE %5,
B, ReDEARWZBMIZOWTIE, Wb ERy —
2 DB L BBEEDLEETH B o

NS OWEF LD A OBEKEEOSME, HE ELT

#2187 (2016)

T, 0IZEVEDORMETH Y, EB), @), (HicLs
MERBOBEEDOFEHDTRETHSLZ L2 RL TV D,

3.3 REFIREFED 5 OEERE O
K@), GO »okxROnzHEE L 4R % Fig. 712
RY o ZAMTEIRL TR FIE, MERKOFNfE

Table2 %7E L 7RG (L2 > MK
Experimental conditions (Cement canal)
L;=20m, L,=10m, L;=10m, Hy=0.7m

MR CFIKEE TR R

=t

Run LAV TV—F

(m-s)  (m (m's") (m
01 0.036 0.303 0218  0.144 66006 0.127
02 0.049 0.401 0222 0.164 89091 0.112
03 0.062 0.506 0222 0.179 112227 0.100
04 0.074 0.595 0.224  0.189 133414 0.093
05  0.056 0.297 0.341  0.143 101240 0.200
06 0.076 0.406 0.341  0.164 138245 0.171
07  0.096 0.504 0.344  0.178 173136 0.155
08 0.113 0.602 0.340  0.189 204748 0.140
09 0.077 0.299 0.465  0.143 138837 0.272
10 0.102 0.403 0.457  0.164 184110 0.230
11 0.122 0.501 0.441  0.178 220736 0.199
12 0.144 0.601 0.434  0.189 260714 0.179
13 0.093 0.304 0.554  0.145 168191 0.321
14 0122 0.409 0.541  0.165 220780 0.270
15 0.152 0.502 0.547  0.178 274522 0.247
16 0.180 0.601 0.541 0.189 325226 0.223
17 0.112 0.298 0.681  0.143 202286 0.399
18 0.145 0.403 0.652  0.164 262271 0.328
19 0178 0.501 0.642  0.178 321727 0.290
20 0.198 0.607 0.591  0.190 358522 0.242
21 0.129 0.296 0.789  0.143 232980 0.464
22 0.165 0.401 0.747  0.164 299467 0.377
23 0.208 0.499 0.754  0.178 376316 0.341
24 0.145 0.301 0.875  0.144 263486 0.509
25 0.192 0.404 0.860  0.164 347098 0.432
26 0.061 0.123 0.903  0.085 11112 0.822
27 0.113 0.207 0.987  0.118 203950 0.694
28 0.162 0.301 0978  0.144 293937 0.570
29 0.063 0.131 0.866  0.089 113243 0.765
30 0.124 0.201 1117 0.116 224191 0.796
310182 0.298 1.104  0.143 329200 0.646
Table 3 L E/8T X — & OFEEHLR
Calculation result of rough parameter roughness
RAES AL &RRE BiFTFE Ada—
R w3z, W3z MER, FARg
(mm) (mm) (mm) (mm)

74 27.5 12.7 14.8 5.7 0.3

FEFEAN 4.0 1.4 2.7 0.5 0.9

x>+ 0162 0.082 0.08 0.033 -
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Example of the surface profile of an experimental gravel canal

0.025 TTTTTTTT T TTTT

=0=n=0.042%ks"(1/6)

—0=n=0.033xks"(1/6)+0.0034
002 + A ERBERaER)

A ERERAER) KRR
= 0.015 | |

AR EA KT AR

0.01 | =
o
0.005
0.01 0.1 1 10 100
k(mm)

Fig. 7 HEELRELE k DEITR

Relationship between coefficient of roughness and k;
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Table 4 M X35 X — % LHELREL

Surface roughness parameters and coefficient of roughness

e ks (mm) WA AR R
0.26 X Rz 7.15 0.0184
T 2 X R, 11.40 0.0199
5 fill 9.71 0.0194
0.26 X Rz 1.06 0.0134
JEEFEAR 2 X R, 1.07 0.0134
5 fil 1.05 0.0134
0.26 X Rz - -
AR 2 X R, - -
5 fil 0.23 0.0104

230 66 7 nafihi

Fig.8 MAEMPTEL L2327 ) — FKEE
(n=0.016, R,=15mm, R.=11.1mm, Ry =—0.3)
Concrete canal wall which coarse aggregate exposed
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Evaluation Technique of the Coefficient of Roughness in Consideration
of the Change Situation of the Surface Abrasion of Concrete Channel

NAKAYA Tetsuo*, TOKASHIKI Masaru**, MORI Mitsuhiro***

*Coastal Hydraulics Engineering, Hydraulic Engineering Research Division
**Planning and Promotion Section, Department of Planning and General Administration

***Facilities Engineering, Facilities and Geotechnical Engineering Research Division

Abstract

We clarified the change situation of the coefficient of roughness in consideration of the
characteristics of abrasive surface of concrete channel such as repair smooth and bare coarse aggregate,
by hydraulic model experiment. It was shown that Manning's rough coefficient can be presumed by
using arithmetic average coarseness R, or the maximum height R, ,calculated from surface coarseness
measurement in the range of hydraulic rough channel like the abraded concrete channel or the channel
on which gravel was scattered. Furthermore, in the formula, the empirical formula which can treat the

area from a smooth surface side to a roughened surface was proposed.

Key words: Abrasion, Concrete channel, Manning equation, Coefficient of roughness, Equivalent

roughness, Hydraulic model experiment
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il

11 TR EEM

ITAEBASE S 7o T KA > A 7 A FOEAS (BLF,
FOEAS) 13, BIRHERIERE & T 2 A DSV IREE R fE
Fib, WELTEOELNEET S & & 512, mIEEDIC
ol M TR 2 AR C A, WM EESIE L T
LHfTCH L (LS, 2009), HE CEE264E12H),
G 194 #1X, 9,767 halZE K LTHBY, £k - 3k -
EATIEARETIE (EMOKEER, 2015) 2BV TH I
H R LR D A EIREM B & LTI 5T
BY, 5B RERPAENTND,

FOEAS (ZIIH i F¥ER EORNLHETHEAINS
ZENEL, FOTMIIREIKE LT LSS, &
ook B SERTEIRE AT A ST [ & xHk] (EMoKE
4, 20000 TlE, BEPEKOBITICH2) I,
WTFARAM, K575 SICET2HEBIZOWTHETHET S
CENEMFLENTEY, FRIC TR & P
(H#1F 30 cmFEJE) DOBEKBEEZFHNT L L PEE L
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B s EITICIAD > THADPER SN 720, @O
BHOKEIEZ R ZETEEI KD N TS, 2T,
AWFSETIZFOEAS 25t T. S L7 B O M X I2 B W T,
B Ty 4 TRKFEIT 2B F 2, FAHPRESCED
7 E OFRALKE KA 5 FOEAS % 38 A 5 B2 E B
NEEAEMFOER Y HNE 5,

1.2 BEEOM%R
W T ORBLHIE S 2 7 5 %2 BAT B Gl —ikn) 2 By 3

RO TSMNINZ T, HTF25DRACIZ X 5 Hl
TR R E %2 B Z E A EETH S, HHIIEE
SRt LR e B IR OKED ] (BHOKEA,
2013) T, T LA VIZBWTIIREES2S FHo
Tt IR RIS A7, BL) T HoLEIE LD
T HARTERBED NS B TE LS RWE LT
Who F7z, BER - NFE (2012) 12X Dk, HITTARNA
BOEAfEE T550E LT, KHO TR 8L
EDFE KL CTRE TR E DK & IR T LT KA ]
HMARNEETH L L LTS, TILOOBEFKRETIITE
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FHELHE BTH THE = xHKk] (BIOKEEA, 2000) T,
BEEOTEIEOEKEREIT1 X 10 en/s L FE &
LWERK SN TV ZORMUIR EN TV,

I E&EGE

BAGHEME T 5720, Fea G tEEsy 1
7 R OHEERRIC T2 BT A 4 13 O FOEAS 3 A Hl[X
AR RICTAEEIT o7, AAHEEITHIE - TERE, &
KERER, TR KR, TEFAETH S,

2.1 - LEEE - R AR T KA

FWXoOMEIIETREICL 2 BESHEHK
(1/200,000) ([ + =& HP), +iE¥ £ 713 HER
(1/200,000) & BLHCToOHIERTHRALIZ L A F
72, HWIX O T RAILFRAA ISR L OHKEEOE S O
JED A DSE] o TSI TR AR (2 L 72 3 ARG & R
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FL720

2.2 BEKHER

HRGRERI T E B KR L BBk (v 7—2
L— NkBR) ZATo 720 (ELOBBERIREILE EIFE
12X AR L - T, BNEKRERIC X 5 EKRR
BEIDORELMICILZEMHZ720, MIEREEK
DLULENRD L GKE S, 1991). LrL, RIFFETIE
BEPEKE TOMEHE cH 25 TREE (Lt) 0Bk
FREARRDL ZEHFEETHY, LML ERERYE
BEEEORENIIL AL W L2 LMITFABIIAVT
ICRBR R T o720 F72, B EKRBUIENEKRER &
DS INCHEIFHOZREDPBITE 2720, LHh T F
NS 2B T &6 BB K ER DS RE 7 W A (25T
BIZATo 720 BB, FAREIRREESHE SN TRV
HIZBWT, TEIDER T ST WIER A WL
FEhiL 720

(1) BiYE KRR

N ORAZ SRR K D b AL CHEBIMZE LT\ 51T
BT E KRB E 1T o 720 ABIARIIHOET R
OREEEPHZR SN LB T 60 ecmDEIBNT, )
F—Ar7r—7rL— &k (MERESTEREZBS
M, 1997) #ATV, N—=Y v A4 ryF—2rL— DMl
POBEMRFEEHE L2 (Fig. ). %3B, YU r¥y—i
M 158 mm (SCB#LE#, SIS-A) # v, FEIZB\T
150 mm¥THIAA CTHRHEZ T 72,

(2) FEWNBEKHER

BEM 272 E12 B CHU T R AN E R C R T &
TLAL, ITEOMAREILENE CFHd L9 213
T, BB R 270, 1385 1 T lEEy
iz HERHRAEEZTH L b2, EEE LR,
LAY TR T, ENMEAEEE T o7 T
Y 713100 ccOMfE a7 T I —EHWT, fELR
O, RUBEEGE 2R L& EBICBW sy 7
) T fTo e ABRIIE NS KHER (LRSS
WHEmERBE A, 1997) 12 & B 25K % Fhv C A
BB EEN L,

Fig.1 A > 7 —7 L — FalBiRid

An intake rate experiment for determining soil hydraulic conductivity

at depth around 60 cm

23 FHEAMTKERVAKE, NEHRE

FOEAS O #l T 72> A DS EERE S 45 J6 40 S L7 A e
THET H720, WA, FHEEkE FEYNER7E
L7

(1) (3BT RN

I NI TR R ((BR) 7 A4 2 8 Ulz-
100W) % 3% L THET A A DSV IR FERR IR O K 25 8 %
e L, FOEASIZ & o TR L7 MK AL D fRFFIRAE
LR OO BRI % H5E L 720

(2) Hk=
FOEASIZBWT, #ITHhADN VRO HKE 2827
b7z, BWhGRERT (BHFEIES (k) 3, SAS0)
I OMKIIIHE L THKEZ#ARTZ, &
B, KREERIZBWT, F5 (2009) (ZAGHEAKEEC
FOEAS O /K A7 B33 & ARAL g7 2 @Y w5 2 &
THIKERENH S L LTEBY, X TH UFEEMARO
MR IT 35 DO C & 72358 13 FOEAS 1335 & [AAR 1274
L7

(3) WA

FOEAS 12 X 5 #F 7 A D5\ )L S IEHE K B fE 138 1R
VERRE R ORI R ICHW T 2 S0 L ST b
s, FRAFRAIC X DIEWIGE R AR (B2,
BHS, 2011). %3, ARRIERIZNEIZE 2 % ZED
INEN T E DB RIBIZHZ TR O DL O A3
S5NTW B R,

24 BTV ITRERVUXHAE

BRI L 2FEMUATER VIS, FAEIINZHHE
FTELERNOET) v 7 ROLEHAEIZ L > TLFEOM
TIHH & FNTz

I REMOBIEEFHEAR

FOEAS % 38 A L 720 7T N O 7k B 12 35 e B b 52301 12
B 13X A REmE L, SRAEMXOME L H
BENEITTROEBY TH5H (Table 1),
OKEKIBX (1) KO@KERKH#X (2)

KEKHIX (1) (3R mIciiE L, TR mE
T CHERE I ERMCRER 2 X 2 KFR S IERE %
e L7ce %35, KHIXIZ 1 haf25E O AT TH
HOMIFOEASZ N . LTHB Y, HMHEOHEEEA 1.5 km
HH2MH (KHX (1) L K#X(Q2) TREZIT- 7.
ARG AZH AT D IES TlEE VDS, Ak ETo7213
HCIX I mPLT &K,

@TETHIX

I T HIXIEEHICAE ST S H2EITN OIS, Hils
E I3k E T 5o LEI LML T —#EL
Ao TV B O T ARMIZEK . 20720, BERE
TICME90ecm DlE Y — b CRUIELE =)V 8) % i &
N +20cm ~HF —70 cm DAL E IZHEE L Tl KA Ik %
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AFAEEIYTIE, FHU

KRG (G FRAZDIRGL) AV

bol G E DB D20, BRE (BFE 257 mm,
SEE274E9R 6~ 10 H) O FRALAS EA L2BRIC, %
BRI T AT % S L 72,
@TETKH#IX

[T K# X

BHIAET 2 BN O3S T, K

P HAF 1 2 B CORF 2 33E 5 5 720, Mo KHE 8
BREL LIRS D, F0720, HFKAMIEImIT

RS, RO DIISTH S, B,

KR OB HIE RSS2 17 o 720
G TETF#X

I RTF#XIZEFHIZA7#E L THBY), FOEAS D
FEGRBAM & LR 1 ha BRIEREM SN2 HIX CTH B, T35
FLRER Y ¢, KR HEERR & RS

FATH T

AT o720
®TETYHX

I T Y XA A7 & 3 % SR BRI 01335 C,
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Water requirement for rice measured in the plot quipped with
FOEAS system and in the reference plot in the site No.1
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Cumulative amount of water applied by subsurface irrigation, depth
of groundwater table upstream and downstream vs time in a plot in
the site No.3
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Water requirement for rice measured in the plot quipped with
FOEAS system and in the reference plot in the site No.4
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and in the reference plot in the site No.5
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Saturated soil hydraulic conductivities at depth around 60cm measured in the experimental sites and the performance evaluation for subsurface

irrigation by FOEAS system
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Adoption and rejection for FOEAS system in view of the soil and groundwater condition
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Quantifying Subsoil Hydraulic Conductivity for Stable Subsurface Irrigation
in FOEAS System

WAKASUGI Kousuke*, HARAGUCHI Noburo* and ZUKEMURA Chika*

*Advanced Paddy Field Management, Agricultural Environment Engineering Research Division

Abstract

FOEAS system has functions of subsurface irrigation and subsurface drainage through underdrains
set at a depth of 60 cm. It has many advantages of advanced use of paddy fields such as direct seeding
of rice, cultivation of soy bean, thus, it spreads in paddies in Japan. Seepage below the underdrains
depending on subsoil condition is critical for subsurface irrigation. Thus, the purpose of this study is
to evaluate subsoil condition for stable subsurface irrigation in the system. In 13 paddy plots equipped
with the system, soil type, subsoil hydraulic conductivity, underground water level, were surveyed to
evaluate subsoil conditions. Crop production and water consumption for subsurface irrigation were
also surveyed to evaluate whether subsurface irrigation was stable or unstable. The results were
comprehensively evaluated and summarized as follows. (i) Saturated soil hydraulic conductivity at
depth around 60 cm should be less than an order of 10° cm/s for stable subsurface irrigation. (ii)
Measurement of hydraulic conductivity of subsoil around underdrains is important to judge whether

subsurface irrigation is stable or unstable.

Key words: Controlling the subsurface water level, Subsurface irrigation, FOEAS, Soil hydraulic

conductivity, Intake rate
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