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Abstract

The aim at this research is to develop a numerical simulation method that can predict the red sediment outflow from
pineapple fields to river mouths in Okinawa river basins where red sediment outflow causes serious turbid water
problems. The red sediment outflow model was developed under various conditions : expanding the ratio of field
surface cover by pineapple leaf reduces the area of sediment yielding, erosion occurrence due to the shear force by
the surface flow on the over-saturated surface of the pineapple field, and sediment movement as suspended load. This
model was employed to develop a numerical simulation method based on a two-dimensional analysis for the riverbed
variation, and can predict the red sediment outflow from the pineapple fields to rivers. Results of a numerical

simulation of the Saan River catchment in Higashi Village accurately reproduced the red sediment hydrograph.

Key words : Okinawa, erosion of over-saturated surface of the pineapple field, red sediment outflow,

numerical simulation model

1. FUBHIK

WL T LD LT LEBEEBOWBLTIE, BRI
Yo THEESLEY* & [KRLa] LFThs 8k
TP LEBO A Ty TVESR Eh S HERAC
ko THRIEBL, ER, WIS BWCER2EKIE
L, KEE, KREGPHE~OFA—T, BBOEXL
EDRALGHABMEETIZRLT5, 20X ) LiFK
METERT52010E, RIBOBREREICESR
BEM CORLABFHFEOHABIRITRE % 5,

ZhECIL, TEBAEEF IV E LT, USLE(Wischmeier
and Smith, 1978), RUSLE (Renard, 1991), MUSLE
(Williams and Bemndt, 1977) 7% EOBRBREFNVIRES
NCELN, ThSREHENORABICbIZRE R
LEHEIREEFHTALOTHY, HATLOTAIR
T&hv, E7, WBAOKL 2 LW EEROEMSA
EZNIZE B BRI EORHELEER LR

MNTOTHHBEREEZEFNVLLZDDOTE RV, WE
EFNELTE, RBEMOBRBBAREEZERL
WEPP €7 WV (Lane et al., 1992) *° EUROSEM (Morgan
et al., 1998), AGNPS €7V (Young, 1987), SMODERP
€7 (Holy et al., 1988) 25®ifbh, ThbHiconT
i, HBELIBEOZEME NS A—F—L LT, B
HOBRELHABRERATHILNTE S,
IHECIRESINLFIDOFEBTFHEFTVELT,
TN & ERAEIC L 5 IR AESRLREKICL 510
Bk 2 BRI LYHENCETSFEI VL 0P EE
T2, kA, EHoIR, BE,OHATARIDE
EeFlTs200, FATT4 v 77— TEILLS
WA 247wy, LQR, Meyer R &k o CTRELHE
ZEHELZ (BH S, 1995). 20, BWitHERI
FYIETFNVEERCCERRAZEML, LQRICEY
REIDZHELAEFVIRESATNS (KBS,
2002)0 TNHEDFRHRIDLBEOFERENELL

#1 #RIZTAKER Nara Prefecture, Civil Engineering Department %2 FATEH: AT AKBFERT LIS B 7 IV — 7 Incorporated Administrative
Agency, Public Works Research Institute %3 J{CHEE R REFEEEBEW 753 Hokkaido University, Graduate School of Agriculture %4 AFRz> ¥

=% ¥ FHASHAKTIH Yachiyo Engineering Co., Lid.



B ML CRET AREBORBEFNEFVOREBELE Y I2L—2a >y

TWAED, HBOBEENIEDINIET A -5 % ZOH
ERTWICEEL 2T NEE o vk o -l H 5,

—%, #H (2001b) (&, 54 ¥ T v S NOBIEERE
S R BEMEOELE R, L Ty TUKRO
K%, EICLAMKREORERNEAL L I8 q
YTy IVESH»LORIBIRBENBLITLIIEEH
BN LTme FOWTHNA YT v TLVEIZLABBED
BAAPHERCBIT 2 BOERCHEOHR L ER S,
ZFROMBEIHOMREL BB L CD I LEFEEL L,
5D, BOMENZVIREORSGRETICE V- TRE
HABRETIEECORIBEEDAHZALELT,
RA Ty T VESBETCOBMME (R amE
A 100% YL b & o - EE) OFELE £ I TOEE
REEHKICED L, LEMREL L ICHBEERRS,
ZRTEAEEE AW EBER YT, BESRERAORR
BN EOFMEITolz0 TR, 4Ty TN
BB coORIBOBERRFE, BRABOERLEZZ%:
RTTARBARICEIABREL LTCHHATELZ LD D
Motz (#H, 2002b)o

LA Lids, mlcESINEFLIBO LS ICBHE
HH T St ORMAROERBIERE Zh
kB LEMEELEZER L - LR ETHFERRS
CREISRTw R,

T, AHETRESOHEERIZL B4 Ty
TVEOHBERL O IOBBENBIC BT RAMICLS
FIWEEBELZE LR TRESEEEICL S
MREMORB I FUFEZRETLIIEZEHEL
720

2. MRFG*®

FIREM CORIHREFUFELRET S L0
ZEHBET A, Z0LDI2E, ¥, REBOEELR
EEBTHBIL VT v TVEBEN ORI BHLT
HMFEEEBETILENH S, 22T, MREEERK
BY— VRN TORLIBEEREEZ OB LS
A 7y TVESE, AIRERE) PORBLAZLBO
WEMEHRERL, 54 Y7 v 7VEASFEELRLIR
HEBTHLIEZHELIIC Lz, RWT, $HERMA,
LCEEERBDRL B/ V7 v TVERIIBWTRAER
RERTI L L BT, BMEOBHMERE (5, 20010,
20022) #EHLC, #EYHLEEEL OMR, #HE
FraLlEom bR, BVERES:-) ORHLhE, B
WEE, EREEREERTORAR, MY Ty 7TV
DEZLLZHEARERLBAE L OBMERII >V TR
L7z

AHYTIE, LROBBICBITABHCAERRL,
BlSF it RE ORI ) BEVET L RERICL S

BE L) R EERIEICE T 2 HFERE (7 5, 2002
b) b &I, BAMBOBRICEVRBLLT ko
Te ki FA%, REMOBMBEI L » THREBBETHRLYT
LGEORTIWHRLEFUFEL BRI LA, i, &
FHRK, KN, IPoERR, BEPERTELE
T, BEOHERED S ORTBIRHEDOEREZ
TFHTELREDHEE S I 21— 3 VFETH B,
ELIZCTHWESBEVTORIBEMS I 2
L—YaryFEgEe, 407y TVESUAOMERH
M EoTMARAEE, BROmNLELEZE LT
RICAKREBSEHERIC L 2MBEAORIWHBE Y I 2
L—2a Y FEANEHREL, v—VIlRBERELT,
BHRYI2V—-Va VEEETY, TOFREETHFE
HBELTORYEERE L7,

3. BERR L S ORFEREICE B & S EEt
RENEREEHR

3.1 FEBEEGORTEERBERE

AREEEERANALE T S Y — VL, 3 o
Ty TVEOHERDPIESR LG E, BANEET S
T HORWFE» S %%, WIBMEREO0.20km®, F
WIRRARIE 1721 TRREELTW5, Bl g it
DEKEEIX0.15km* Tdh b, THFHAR S, /34
YTy TIVEEEAH 0.04km® (8 27%), /3784 ¥ RfE
FFEORE, KEBPH0.02km* (B 13%), BITED
M CGAT T 5 HARROWEE, EREH0.09km* (8
60%) LlzoTHY, MBBAEILITICHIT2HEMEt
WA EEL TS (K-1),

HIKEE I HE $ CHIEY 2 2L OREL 0.075 mm
DTHREREEDTVD (Fkb, 1996) &5, i
RRECESELS5Z50vbW 5 [HRER] X 0.075 mm
KEowit, YV EHEERSE LABHNEHTHS
EEZ%. E£72, B (2001 2) i, RFNAOERIINE
BTN 2Ty TVHERDORREHIEA 72 FE &
EREFOFNRBICDWT, HADSSBELBAL,
FERIRICIZ 84 U 7 v TV SHME DO BRAEA 22N
BT ERAROIINRIBICHRT 10825 1,000 5 SS
BESBVWEVWIBREBTBY, 17 v THHE
WHARIBOEELEERTHAILEHREL T2,

B-2it, ¥—fgicB W TRIBOEERELE
ET B0, H-1 CRLEZFERNOO~@DZFMAT
WEREHLFEE 20 cm BET COTERBIC L ZHES
WERLAELDTH D, B EOFERETRML R
BHZITRE 0. 075 mm ki ORiE, ¥ F5AT50~70%
BESFINGY, ER»POEMLARALICZ 6% BEL
PEERTHRY, T, 4ERAPTHIALMHEN
B34 2T v TVEBIC AR TR OBEEA LR SIS



WO S TRET AREBORMBFNEF LOBREESIal—Ya

B
£ | ESA
" 5=0.0002R' *'*
f‘ (R’ =0.9414)
H
&
Ed
>
3
a2 FHe~D
=] $=0.0002R' ****
,ﬁ (R = 0.9404)
0 20 40 60 80 100 120

R R(mm)
R—3 #WEEBHEEEDRFR
Fig.3 Relation between total rainfall and total red sediment
outflow volume

100 T T
%0 y=100-400.16X"'*"? R W
IALTITNDE | & 2
80 &5 o
[ 8]
70 -
g ]
s c,/ [T ssogsmsme
B /7
® 40 7 . FBRCOUERE 1
30 3 o #HR5(1980)NLSWBENLDOREE [—|
20 it —— RORBIEFBESR -
NI HETOREE
10
"] 1 [ T ]
° 5 10 15 20 25 30 35 40
EHEBA)

F—4 BHERED S OFRRE L B REOWEE
Fig.4 Changes in the ratio of projection areas of pineapple
leaves to the field surface areas with time

20.6mmBE (5, 2001b) THEZ L2 b, HE
BHBMLCTHBERBEOREICIZIZLALEELZWE
Wbk, $hbb, THREEOELE, HEREIC
BULESOHE, HECIIBRARFLECLIIL
WRHSFHEINZEICL B EHE SN,
3.3 HHEBRIAL S DEBEBICESLEINIT YT
IWOEOHMKEHEE
HENAOERIIBWT, %4 V7 v TVOFE EF
POTFIINAATTHREZL, HEMISA Ty TN
BEORL 2 HBH LHREFEL L TV B RTOEED
ErEVBEBMAD I LI Lo THA DEREFIL,
HEREDP S OEFTHRPRLD L Ty TNVEIZLS
HWERBOBER (RUEBEYL )08 L 07 v TVHtH
REBE)WMOOER) BB LA. -4 3Z0OHER
&, HROH(1980)ICLBR—DFy MREEDIL VT v
TNVICBIAEOREER L Y EE SN EORERE
BEL, ERICRT L) CETHEEERORMR GE
B ZERLZ. ORI AEBRLAMETI
BT 2MBEEERICHLT, BERERLZR,
B—-4iliENSA YTy T VORICLARERESR
&, PHERMGD S ORFEIZEBRE & DICEA L, BERS
PORHIELTIND U EELZEZ b2 b, ZhiC

=3
S
L ]

o
o
=3
\

y = 0.2907Ln(x) + 0.2511

BnL OB R LR E R RO
<o
=23
o

R = 0.984
0.40 /
0.20
0.00 - -
0 2 4 6 8 10 12 14
AEHRA)

E—5 734 Y7y TAOECLZUBER L LARBROBMH

Fig.5 Relation between the ratio of projection areas of
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withered pineapple leaves adhesion areas to the field
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Fig.8 Numerical simulation results of red sediment outflow at
the model field
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