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Numerical Analysis of the Wind Induced Flow in the closed water body

with aquatic plants
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ORFNRERHL R-THEY, R 11@L K
L TlBsERE N &V, & <IT, A
BV TIRESERE RN EREL 25T
BY, Z OES CIREIEBAHR S TWD
EEZEz26ND.

5 &R

AAEHEY DT B RS KIRIZRBIT 2K
EFHBO S RTETMEIZ OV TRNT I
B, AFHETF NV E RV SR TEEFFT 21T
. BONERREUTIORY.
(WEEOHEE OWEEN B, FETMIKE
B ORIFICERATE B L &AL LAL,
HhBEBIOLA I AXBHIZOWTR, +
ShBERENBON Mok, ENEMRELT
i, KEFARBEETATHH L, BLY,
BOERICESEBHEZEMLTWRNIL

BEZBNS.

QKB AKEMDRERT 288, HERIC
BIFBFNIIERIT/NEL DT L, itk
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RENBZENB. FOXSRMEOAPERRIET 510X, HRLTIEDEGRICHETE
PREBEEFMCESNT, ARROEMICOVWTHRRL TR I LEALETHD. L b, @
M OMSFNRHNEN L BB T3 2 L1, EBRMEORECHEROMRBE YR USRI
AEMTHS. Takimoto (2009) iX, BA»LOEGBAELELAGEREERETVERY, #
BOTARERICK T 5 BBIAR 4B U T35, Hakoyama and Iwasa (2000) i%, fAKEEEHD Y
AJICETAEHEFAERL, BEHNCBIRBT—FPEETANTA—FOHEEIT-T
5. %7, Hakoyama and Iwasa (2005) {Z8V\ Tk, ZOEH#EF N 2 BAEBOREEITHRS
NTW5S., ZIZ T, ZH5 (2009) OB—ABRCHT 2TV EIERL, SEOLBRMNZB0)
+ 3 EHBERIC OV TEHERIKICI T B AEHKMATE 2 XET MEMIFTRALHL. LT,
Biftk$ 3 Kolmogorov #3857 8:" Dirichlet SR ERIEDORESEYBEBEOHEBRERL RoTD
T ETT. MBRERAERRBICEWT 1R E RS & 2BEGEAMEREAFETIE, £
NITAGBENRTIETH S - LR RT 5. HB, HMiL 2 £ RERIC AT 5 AREREKMEAR
Wik oT, ZOX5RREAMBEIY 55 L EFMT 5.

2 BHBALTIVIRDETFIL ‘
EHEEREREEZRRTIHAMRETAL LT, @S N 5 Verhulst FEX
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o 2N B
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LY, RuMBGEERE T & it

r(K-—N)N=1K (2)

In2
T (3)

KX > THlSIH bRBDT, a=rK 2EBERICETRATA—F L LTRIBILNLIR
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T3 EFN iN
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J

BEOGIhD. ZII, BREBIEBRERL, p (0) IBHEK, b; 138 ERE»LIER
BA~OBHRDR, ¢ (20) IMEHEETHD. BEKMME X; 2
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Xi= = (5)

CTEHETHIZ, (4) ZBCHME « ZAWT
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ThB. (6) HRERLEEAFBARTHY, (B — B R R O 2 b T =
L RTERL. EEKOERRHZEDEEZET3LHITE, (6) ¥REERSFBR

dX = V(X)dt + V2DdB (7)

~NEEF S - ERBETHS. S i, V(X)ZEiRSE Vi(X) LT oBRE~s b, DX
KS5F VT 44750, BB #BiBALT375 v BHRS bATHS. ok, BFROAR
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b, 00 LTOSER&RY
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%+V(x)~Vu+DV-Vu=O (10)
wEEREND D LREHR TV (Dksendal, 2006). = DHER u(t,x) i%, FEDEKR I EGEEE
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LB LD RIBAEEN QNICFEET S I LALETHS.
BibRE~s b V(x) 1,

V(x*)=0 (11)
LRBEHR x* DED Y ICRFHRELL,
V(x) = A(x - x*) (12)
EEETH. TTHADR
A=PlAP (13)
O L5 ICEEE N AR LT 38A1TH A ~HA{LFTEETHIL,
x —x* = Pk (14)
ORI EBRERIZ L > TTFNVRRFIL
v=(P )V (15)
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Vx)-V=A(x-x*)-V=PAP (PR)- (P!) V=A%V (16)
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O A% Fu+ DV Fu=0 (17)
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AT ERICEST
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RBORG. ZoiC, ERGEBIRHLTERY bV, Ve ERMTBTFAVEE, Dz D2b
EHERIZ L o TERENBTAITHS. '

4 Bty 2 ERBRICHT HEH
bol LEMABSEL LT, HBHEKe RS LW 2 o0ERRICH L TREET ). £NEKOD
WIS 1 EBRNSE 2 ABRICAP o TOHZBIDbDETSH. LEHEST,

Vix) = ( a(l —-xz1)z) — pzy — Py ) _ ( —a(r; —z}) =1 ) (20)

o (1 — z2) z2 + KpT1 — PT2 1 (9:2 - x;‘) (372 - x;"') + kp (21 — =)

—&-Veu+DeVe - Veu=0 (19)

LA, i, EERIX

LBt
x# @ .
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? a—pty/(a— @) +4ku(a—p—9)
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THBH, a>p+pDRETTO<], of” <0<zjt LRBDOT T DIESERRT . 20
FER,
A=(-—2aa:1+a—p,—<p 0 ) (22)
K =20z +a—
Li2d. ZOfFIAR
2a(x2—21)—p#0 (23)
D & ExHAILTIRET,
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P= C?S¢ 013 _ cos 0 , (25)
sing 1 ~tany 1
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WX, EXE#picky,
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LERENBLOLEETS. £k, THAx" 2454 (23) EHICHATERQ &, BRI
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{ &1 = pzcosf

2
&o = pzsinl (28)



kD, (19) i 2 DEIK (0,1) IZBNT

Su 1 ou 0%
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Lips, BEHBOBGETREERET 57D, (29) DEFEK
d*u 1 d
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DB Gtk
u(l) =1 (31)

Db LCHBELRBu=1UNCEERD, u(z) =0 LR23EIBIRRN (0,1) NICFELRITIIER
LW LEEkTS. FOLD MR, uOlBEEREE LAERSBEIC L > TRBLLEY
TLNESIDbIS. LoTI I TR, FREREZAVERBEFRERICL > THRTLELIZRYD
3b0rT5. BiRGKHELLT, (32)KMAT

u(0) =0 (32)

B, SMEETF LIV TEIAY Galerkin 3 CTHERL L 72 (30) 2 EMEMICHES. BTFHEn %
1,000, 2,500, 10,000 izBi> 7= BAOHERKREZR 1 IZTY. n=10,000 DHEIL, BAHTRVEYL
BEHGEBILTWA LD EZBIS. ER, a=1BLXTR1IITT 4, &, p < pOECHLTHE,
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LLT—BREbiv. REREER p ORKXMHEIE, p=010fHETERERD.
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CRETEDHC LERLE. BEERICI RBRROKEHEZRY, EROBHTRVEMR
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ShAESF 4 YT 41751 D ORENZ YOV TRIEZIT> TV FETHS.
SIAXER
(1)Hakoyama, H., Y. Iwasa (2000): Extinction risk of a density-dependent population estimated from a
time series of population size, Journal of Theoretical Biology, 204, 337-359.
[2]Hakoyama, H., Y. Iwasa (2005): Extinction risk of a meta-population: aggregation approach, Journal
of Theoretical Biology, 232, 203-216.
[3)BFhBEA - B — « FTHIFE (2009) : AEBERROBBROS AT Iy I RARETE 237 A5 ET
U, BB TSR XNE 66 B ARRSMIUEER, 6-27-6-28.
[4]Dksendal, B. (2002): Stochastic Differential Equations, Springer, Sixth Edition, 175-190.
[5]Takimoto, G. (2009): Early warning signals of demographic regim shifts in invading populations, Pop-
ulation Ecology, 51, 419-426.



SRIE L= /MRIE A LIS xt 9 A IEEBKIBE R E 1B 5K
FE RS KPR B ge R OF W — - EHEEME - FTHFE
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W7 7Y AOX=T Y3 F5ERICBV T,
e (inland valley) D MU A3 5 i3 5 Hilik & 1.0
Z, boEbRAKICIKFLI-ZBHHMBENEEN
TUWA(ILRI, 1993). = OHUKICIBSVTIHE, /hBUE
¥ AREEEREN, BHEEL VBT OE
oYL THRAREMIFIAZATHS. L2L
G, BEOHERLERE L HICHFEOBKD
HRTAHR TH A, NS LORBEIT
Nk EHa-72, H—FETIE, BKETH-T

2007 fEITIX 120 (D F LR RBE LT L SN D.

2009 4E 9 AICi, FEOHRERL VA, KEAK
SCRRAT %247 - T & TU Y5 Gbullung-West(GbW) A F2
BITMIET D 6 HO/NRKT LD 55 1| AR
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L e bz, BBUKESEMEAN OHEIBXHIZ oW
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Fig. 8 Daily Water Supply to Paddy field blocks
(TIR=0.3, EQTY=0.5)

PLFIC. 200 (TIRA4iY XEQTY A5i@Y) ORHOTILBITHY I ab—
va VRERETRT,

Table 1 @ QIFR i, KBS 7 Bk, KM FHRARIRICE L7 & Bbn 5Bk
<OEE THIAIZEBT 5 Intake HETHD, Z O QIFR (X, FTOIIZETHETIZ
SR DK EED B BT & o Thbh 52K Seep. FTO 2 HBUKSIL, M3V
AL &N B A BB E Qeffect. BT EHIA L D b FHMl~FiiLE 2 HA T
Ik Spill I TH 5,

Table 2 MSpilliZ 2T DEBAR & IMARKICIHT 5 BHKFAROEGEH TH D, TIR
L EQTYAV/N & W A IERN M ik A3 2 TV BERTF B339 %0 = D Spill (m*/8) DAL,
AR MBI TIE, FTOCTEM Y (LUK TE h o R REDOAEFH THH D,

Table 8 11. REAKKEINTORKEED S DEFHEIC & % i fikSeep (m*/s) Tér B, CDIE
4. Intake 7 HQIFRA & EAROGHWRE AL W THLLD, TIRA/NS <,
EQTYA A E WHAIBERNKE (DI EHBDRD,

Table 4 1% BAEDEE - Higk L~V TFTON b HUK AIHE/2 A ZhiEd A i B Qeffect (m’/s)
<. BKEWRA O EG R ESpillZ £ L5 2 E TRHND,




Table 1 Intake Flow Rate (QIFR)

QIFR EoTY WR
0.000 0.250 0.500 0.750 1.000
0.700 25.304 25.610 26.089 26.463 27.100 20.117
TR 0.500 18.428 18.955 19.385 20.125 21.062 14.370
0.300 11.865 11.833 12.538 13.609 15.03% 8.622
0.100 4.301 5.037 5.927 6.751 8.873 2874
QIFR: A T A CORKFAR (mY/s), WR:AKETOEKE(mY/s) DEE
Table 2 Ineffective water spillage at present managing level (Spill)
Spil EQTY
0.000 0.250 0.500 0.750 1.000
0.700 0.457 0.680 0.097 0.031 0.001
TR 0.500 0.793 0511 0.271 0.009 0.008
0.300 1.455 0.817 0.557 0.119 0.009
0.100 1.613 1.039 0.543 0.308 0.055
Spill: BEDEBLARIL TRIBITHTESh S5 E (m*/s)
Table 3 Seepage loss from canal bottom (Seep)
Seep EQTY WR
0.000 0.250 0.500 0.760 1.000
0.760 5.187 5493 5.972 6.346 6.983 20.117
TR 0.500 4.059 4.586 5.015 5.755 6.693 14.370
0.300 3.243 3.212 3918 4988 6.413 8.622
0.100 1.427 2.163 3.053 3.877 5.999 2.874

Seep: X KEMATHOKBENSDBRBICLSHE LR (mY/s)

Table 4 Effective distribution flow at present managing level

EQTY
Qeffect

0.000 0.250 0.500 0.750 1.000
0.700 19.660 19.437 20.021 20.086 20.116
TR 0.500 13577 13.859 14.099 14.360 14.362
0.300 7.167 7.805 8.065 8.503 8.613
0.100 1.261 1.835 2.331 2.566 2.819

Qeffect: REDBELRIILCOBEIBEBAR (mY/s)
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Fig. 9 Irrigable Area vs. Intake Flow Rate QIFR

Fig. 9 (18 THiA CORUKHE QIFR & #EREFTAEFIASE (Ratio of Irrigable Area)
OENE T, ERITESHRAELS AhicEbREEEE, ERITREOHR L~V TD
AT LTWD, Ffiby WRIZMES COEAET, Zih & &R E OKFH WD
g, ERTIREERE, ARTIREERE L EHHKTH 5,

EEICBVT, #H#by WR) & EQTY=1.0 DBIZFITIZIEWZ L2 b, HEEK & 2%
ICHE B AT AEAICIIESHEEIIQIFR ICEOTIEHE—ETHH Z LB a1DH, =
. BiEHRELIL EQTY k& < K#F L. QIFR A7V EE Il X % Eoiigic
X HHFMEEZERMICMD Z LB TE B,

—F . ARICBWTIE, £FE OB S QIFR 232 W FS I B KRB KE WV
T LBSMB, ThUE, MESVRVEAICTIE, 72& X check T L » THE EIF 2T
T . HEA BRI HE TIIE BT 2RV E < | KBKEEA~D5KR FTO > 6 DK
NEEEIC DD EEbRD, LALRBG, Zh b O RITHEER Ot BRIk
BAHIZL > THBHT = EBFTRETH B, BHFAEDERIC, FTO ~—F AN R 7T
S TR ETTVWABEER, BEKE LB S BOBEICRZEY 17 (llegal) . E&kF
IHE I TWAEEB A BB L,

Fig. 10 1%, #iilg s 2 7 A 2K CORER L Seep & 77 » F~OHRER RBIR OB
WaRELDOTHDH, ZOEMNE ., Seep (X TIR IZ X 523/h& <, T2 LA RBIR, BiH,
HERET EHL D EHERYE A D ICEKTFT D EE A D,

Fig. 11 1%, TIR & EQTY ® /35 A — & QAL &bkt LU, B THIR CORKR
£ QIFR A ED L 5 ICHB SNEPONRETR LEbOTHS, TIR=0.7T DHETIL,
EQTY I2 L 5#i350 Th 525, TIR=0.1 DHETIX, RFHEE & R OF EHIK
X< Rir D, BEREOESEMTEROERALEN Y ISERT S Z LIZEICRIE
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Fig. 10 Seepage Loss vs. Ratio of branch to be irrigated

Q (md/s)

Content of QIFR (TIR=0.1) ' Content of QIFR (TIR=0.3)
| Q (m3/s)

jHH

|
!IIB

0.50 0.75 1.00 EQTY 0.00 0.25 0.50 0.75 1.00 EQTY

0Q to FTO BIneffective Spillage OSeepage loss BQ to FTO Bineffective Spillage OSeepage loss
Content of QIFR (TIR=0.5) Content of QIFR (TIR=0.7)
Q (m3/s) Q (m3/s)

30

25

20

15

10

5

0 B LS =3
0.00 0.25 0.5 0.75 1.00 EQTY 0.00 0.25 0.50 0.75 1.00 EQTY
0Q to FTO Mineffective Spillage O Seepage loss OQ to FTO BlIneffective Spillage OSeepage loss

Fig. 11 Content of Intake Flow Rate for FTO, Seep and Spill
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ERRILTHHET, BAFEOREMEZRECRBICREEESZ LATHE
Lot .

3. BEIUKE - - BESKREZBRET 8. [E0KEE) L (EREFRR LE5Z
SORIEIZ L > THEHBROMBERE Lz, Zhick->T, MHFFEgRSR) ©
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Movement of Tail beat and Swimming Speed of Fingerling Masu salmon,
Oncorhynchus masou masou, with Stamina Tunnel in River

RO g =
Izumi Mattashi Kato Koh

1LIELHI

Bf CHAGE OB R OBNCIGHE L 72 2Bk A O RS HEE & RIE I T 57, B
Mo PIZRAE I+ b RAERE LT Y 7 A (Tridolodon hakonensis), FA 71T (Zaceo platypus),
72 (Plecoglossus altivelis altivelis), 77 5 /~% (Phoxinus lagowski steindachneri), < * R

(Oncorhynchus masou masou) 72 ¥ DKM LM &N TV 5 (R b, 2006, 2007, 2008, 2009,
2000b, ; 5 « KEAR, 2007). —F, ERENOESHEEDCRABIRLTOLA 4T OREEE
BT AEBL R ENTRY (BED, 2008), Blaxter and Dickson (1959) % Bainbridge (1960),
B4 2R (1973) OFRIME, PARADRBEREIL OV TR ORI 2MRASRRANICH S
NTETWS.

—%, @ BETKSART PHITHEEN (Breder, 1926), SHERMOMAKD 13 ZRHHESE
TRUMNI L > THIF~OHEH BT, WREEZRETS I LNEAbAbh TS (B
%1%, Gray, 1957, Bainbridge, 1958, 1963). Pk R DR OMBHIZBIS HBFZRIL, Bainbridge (1958),
Magnuson and Prescott (1966), Yuen (1966), Hunter and Zweifel (1971), HfitkF)Za972EH)
AEHT O Lighthill (1960) iZ & > THHIZITHA TV 5, BEETIZEA (1980a, 1980b,) D=~
A (Salmo gardnerii irideus), #:© (1988) D=7 Y (Trachrus japonicus) DEFKEBEDTE, F
e (2000) (2 & BWEOEHEEKR L HRIC LSBT R Y OMRAITHOh TS, Ll
RS, AUHO L S ICHKANBHIICEV TS % BB IR E Tk T 2EROBRD
BHEAIZ OV T, KRL LTRARKRS.

FoC, AMEIGEES AT LAY, REHBERATORWTINRHKAD ¥~ X HA

(Oncorhynchus masou masou) HSERE CHERKT 5 BRORBIOEB) & HEIKHEE & DRFRIZOVWTE
BERATLLOTHS.

2. RESAFTE RBER - Ak - HE

FHRCEBEEOHRIZ I D FERDH S (R, 1969).
ZOPT, AHEBRTIIRS (20060 DEBRO X S ICHH
RENEHTT2BRMIKEZZOEFERFZIF PR
MK S THTOENI—EREL 5L, TOEN
BV THRAN —EEM Y —KICANET 2K L 0
& 2HHT57 14—V FOBERFEZRALL.
ERIBFTIE, WHRR ZE)IEBE)N OB BAIRIIKE
HINARAHBEARERA ((§20m, Q& 1225 K
£25m) T (Figl 8), Y~ ARAOEEEEDOTR Fig.! G5

(55, 2009b) BEMSNEHEATLHS. The point of experimental station
FIR 1L 2008 £E0 WL COMTFRN MBI & 5 Y= A HERO KR & F L7 A NR0EH
Bz 2% 34 P RANROTIERE S TAR 2 E, FRT 10 BE~F% S BOMICITo 7 (Table




Table.1 5 R & E5 &Y

Experimental days and conditions, Number of measured Fingerling Masu salmon

E By~ A APt
AR
#BAB zo| X X [ET7H5E SO [¥HEE SD| 7 sp |F& DO pH EC S5 WK
20084 (em) (em)| (em) (em)| (cmes™) | (°C) (mgll) (uSfem) (mg/l) (Ix)
Run.1 5 55 0.4 47 0.3 55 0
7H4R Rii2 &Y 3 52 02 45 o1 | 49 : 174 78 173 78 2 23900
18 8 5.4 0.3 46 03
Fmoay F W T MARTRAS E
7T T 3lem || K234 7 T0am WS AcmBH 7 2
= flay 21 mE LT ZI D A T oo, /W RAR A 7
K| | —e — i nEEMm B | smRABso
X =T 1 e | /mﬁﬁ.lcm—-muzm
\ 80cm |=E -
s | EE =~ ey P
[all ' T o —
107em (H &y s SmmSmm) P2 Semy i) 7 &
e Hi4 Oem < {3 Oemay W) 7 2 1) L B0 M AT
ok A
i vk - B X o0 B A
il
W |
F = = Figd MO
B~ Ocm 50cm o @i~  The details of swimming section
Fig2 EBIEROPE
An overview of the stamina tunnel experimental
1),

25 I F brrd, EFH S OREE N A T2 & BAOWKIIESER LS W& S IERT
» Y OB FTNE L L, RIS X, 7 4 — FTORRMA LEWARES 72 BRI
&ﬁ%ﬁ4f®ﬁéuowfm,mEWﬂ%%-%%ﬁfw%ﬁ%Kﬁwﬁn%ﬁSMm@%%
Bk CEITBETE 5 L EXLNTVADT (R, 2003, 2009a, 2009a), £ D& S Z 80cm,
W%%mmmmﬁﬂnmwﬂm;F@ZK%Ti5K%*%t%ﬁﬁ®%év/%—5~ﬁ%w
Bkt (8¢ 35cm - 8% 55cm - @5 & 30em), BHFSA T, gt EH A TRIZEATD T
W2 &y BALT (BE 3lem) EIEEIA VT, ZLF ST NE—R (92cm) M HAAE S
nfwé.ﬁ#%aﬁﬁ%ﬂﬁfm%ﬁmttm$mﬁmnfwé.it,ﬁﬁﬁmT@zﬁy
KoL A BAIA S, Wisiic BEV Smm OGN Sz & 80em DKM ALK TE D
FlchoTD, Sbic, BEHB/ A T ORMEITEEKE OB E TG 5 72 D BAT O
M@ﬁ%y#ybtﬁ%én,%ﬁﬁﬁ?ﬁﬁﬁ%HJTWﬂﬁuﬁﬁﬁ$®Eémﬁﬂbow
Thd.

ﬂmmmJ@zmi5uﬁﬁm6ﬁ&m¢ﬁy7f%#mw%mén,%K%f—ﬁmmmﬁ
ﬁL&ﬁ%,Eﬁﬁﬁ47£%u&méhrwé7u#v7mm—z®MHmBﬁummuﬁm
féyz%hmaofwé.%ﬁ%m,Eﬁ%NJ7ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ®m&%%§¢—ﬁ
aL.&ET%%W%%HﬂMwQﬁ%%ﬁﬁbﬂwfﬁwﬁbt.ﬂﬂ%&%ﬁ&ﬁmmﬁé
HE L.
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2 BRI AR KR TEOORERSGAOR) T IRKL TH L1 LHENICThE
ExTEE, T0O%, Y=AHALY | BTOHASM FIAh, Y AHRBEOTNIEL L
BREIC EFHA~LEFIILDHZ202 RS- T—KiICHOORBHEEL2MIC L. ZLT, #tR
ADEEEDREY, BRI/ A 7OLFBEED AT (RFHRMRES12x480 €7 EA) &
FOINETZH AT EFAFAREL T, EXKEMAOHKRADEKIIRE FRRFICHUE - Gl
Lie. FEBED A S OSEREEIX 1/250 & L. BEED A 7 OHAUEXEOR & i 34cm T,
HRAPRBUONSARMICIITE 5 (Fig3 2R). '

70, SEERAINEROBEO A b L AR ER L THKZICREXOEFE KB RIEHBTRAAEL,
RiB% /) RACHE - FHRE L. #HEAOLE - 4R - AFiX, THERNGERICHAIL
7o, ERICEL-EEIT I ERY OdkE L, B2 I1BILCHOBTSEAENLEL. TRR
2V FROAMIRESFEFAAASCRBTCEZLS5ICR-oTNS,

3 A (RAEEVYIARA)

EBRIC AV HRAUT, YTRINCKRE SO TV B BRE Y < A A GRERRVIINITE, L%
Hizv< AL HT) T, BIED 10 A TA~11 A LT TRELELDOTHS. ¥4
MARERVB ORI BICUBEAHE THRASh, FIKZBISTDRIINICRESh-4£EET
ERLE. ERTHELEY< AHAIL Table 1 1IR3 852 8 B, LR Sdcm, FHkE
46cm THDH. £z, BONOENE L EEOBEBIZOWVWTI, SIEREFE/ M 7O 4cm D
13U TF, BBREFH/L 7ORBE 3em D 12 U T TCENFROEBERRWEREIZEBE LT
7= (BAD, 1973, AREA S, 2000). 72d3, AFCER SN Y~ AHA | {BEF (&K : 6.3cm,
& 53cm) 2HAPOREISRVONEB-RIBCEHBY LT, RBOhOBELRVDAD
FREZREL, RBOhDOT7 A7 b (BRONWOBED 2 RBEONER) R, 7RI b
I 27 T, B (1985) DDA 25094 2.9 DEIZIEEIL TWikE.

4. HBRADEDORA SR L BERAREREOH RS &

oI, B LSRRI EED A 7 OHBXEH 6 R F T b RANOFEKREM % 5
NITH S Wil L, EKEEOBZ EFEE C—RICi#EkT 57— & —KiCiEkT 5 b B L HR
¥ CEETRPCHRNICAT I —XRHo 1.

T T, BBEN A TICLBHUBROKMUSEBOBIFICOWVWTH, >EFOFETHENLE. T
bbb, HEENASOHBEMZ VRO —2 LR ERRBICBIT L L Bl S h i
RTOYURAOBEKHS 2 HAIBAAHAR L L, ZOHAMLAEL TW - BIE2 1/250 R
Tla=wFoREL, 26 (2004) LRES (2008) NAKDOMEZBEF LA L D ICHRAD
BONDOEREPRO2 A%E PL—X L. FOTF—FbERFh—EEHSLEAIRE L
M, FIRE, —RY SV ORS, FHBM, MY A T HBIKE % G U 7ol %R
D, ELIZORMOBEKELEX, ZOXNMMEEICEHRTIENREFREEELMLBH L.
=, $RAORUON ORI (Hz) iXEEHS | i vizHmBE LRD-.

oI, —WMOBEKIZ OV TITAKOEH 2 F~5 /0, —HOBERERZ 1/250 FHRIEEOME
BEHIIER L, AEOH & ORHEARE LTYRALLED 40% & 70%DE S YT 5 2 &iFF
DEMIHRERBELT, FO2RETFPINTF o A—FC I HTFHONE BE, PL—XL7-.

EBHRBOHEL, HHBEHEZ —KICBBRLEBIC TR Y KA 7HOKER—E L 2
SlBRLEL, EHFEFAIATTCHBLE. AOKEw ) A—7—THLHENDE.

BENORKRIEFEOREFEIZSOVTIL, HRHEZ RO TWB30T, @KBTER S 83
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Fig4 B L W IRE
The amplitude of tail beat and the tip of the snout
DOFNITERT S RARBrEsis 2 E L5IVWicHE Table.2 A EDHIMOERE
BICHTEEIFOE L R, Zh 2 FPRRFEM The amplitude at any parts of the fish

L L. Yo ANSHHERORAIITEIIhSOT, 28 : 5.1cm
fAORFHIFEEANL, &5 L SIEMLHEROR TP : 48emes™, WHKHE : 103cm-s™

e )N s a5
BHAIELT 2 b0 LTRDE (FhHE, 1953, fgoma | |7 |oEEg

A ) 3 ) s 0.0 0.16 10
LA, 1980a, 1980b). 723, Tablel DEARFR Eea0nnti o4 | o0z | 14

o S.D.ITERF RS OB 6N 5 BOEHHE wmxwo%gmm 0.7 0.39 2.4
RONO%H 1.0 0.59 37
DEFBWRETHS. B 1 o oERE L 2R

5. RREREER

EEEEOREIL, Table 110 REN3 L3 1CBY (BE 23900x) Thot, RRIFITHIT SR
NAR & AEIE, KB :174C, pH: 7.3, DO: 78 (mg/l) THD.

Figd I3, BREEN A T TR LY AHMA (£ S.lcm « k] d4cm) OBYE 2WiEL RO
hOMBFTH L 1 fiThs. | 7oy FOMBIX 17250 HTHS. BERRERIHIT 48cm s’ T
HAXME 103cms™ OFE TEK L TV o B THS. BOLORHAXE TOREL 13 [,
IS 28.3Hz, FHIRIE 0.59cm, —iRY H7= 9 DR E 1.95cm, EHFEM : 0.035 () T, ¥
MORBIZBONLRIC 13, ¥R\ 0.16cm TH 5.

Figd IoRT & ST, ¥ AHADOEKFOD T, EROVREELAICPRRIEES L LD
REONAEREN L S ItEGICEB LTWS. 72, Figd 7T ZOEEOYEH,»LLEED
40% & 70%DE S ITFY T 5 2 BFOMMMAOEHRELTERD L, Table 20X 3 ILENE
11022cm & 0.3%cm Th-ole. Ytk BONOTHIRIES 0.16cm & 0.59cm THE DT, YED
THHRIE & SO EHIRIE & OKIL 1.4 5, 24 %, 3T HERBIIKEAR2TVS. OZ
L, RO bREBA~MITCEDBOL 5 ichE hbY, RHOMIZCREZARSYE
RALRHEENSETHKLTWVWAZ LEIRLTWS, £k, TOBE X Gray (1968) 2}
g ~Fe 25 (Gadus merlangus) DEHKTHIBEF L THS. B - KIHF (199) 3, Gray (1968)
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The relationship between amplitude and swimming speed The relationship between amplitude and frequency

D2 ¥ 5 OWEKHIBY, RECEFROEARMIHFHSOEN LY AP LiBh THER
BH o REB~OETFHEEHRT S LIBHLTVWA, Table2 i ZNZ L 2 LR LTS, 25,
T ORBOM X IIHESEHIC—AEE AL L OOREOBEIENTES L LTWS (OF,
1985).

Fig.5, Fig. 6 iX £ Ehu & RONORIE & ki, BRI L OBRZRLILHD
C¥$HB. =T Bainbridge (1958) X, RO DR & BhhEk & OBFREZAOYIRILRDND
BLEFORBBOES (2R) 2AVTERLTVWHOT, WTFhbi#liRE: 2R L DL
T L. Bk, A& (1980a) D=< R (Salmo gardnerii irideus), EEXFMAMIZ LD
Bainbridge (1958) M~ R (Salmoirideus) DFERS 1 Pl& L TRLE. EXHER, =V~<R L
D BV 8demes' ~116cm-s™, IRIEKIZ< R & ¥ £V 21.1Hz~33.5Hz TdH 5. Bainbridge (1958)
i1, RO oESIEA 5 B ECiHRIE/2EOMIZLEIC L b TlkEEPCRMBENELLTY
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Temporal Variation, Assessment and Estimation of Suspended Sediment
Load in Small Perennial Rivers

Masayuki Fujihara', Edward R. Lapong?, Toshiko Kakihara', Noriyuki Kobayashi' and Tomoki Izumi'

I Rationale

Suspended sediment is one of the major pollutants in streams and has been described as the most
abundant. It largely determines the physical quality and affects the biological state of water bodies as it
carries nutrients and constituent loads that can heavily affect aquatic ecosystems. However, since its effects
are seen as less dramatic than those of other more toxic pollutants, its impacts go partially unrecognized,
even though its valuated economic damage is huge.

Particularly, suspended sediment is the most visible pollutant originating from agricultural areas- both
point and non-point sources. It is also the primary transport medium of fertilizers, pesticides and other
agricultural chemical particulates that contribute much to both organic and inorganic pollution of water
bodies (Calow and Petts, 1992). Because of this, suspended sediment, together with turbidity, are two of the
most important water quality parameters to be monitored in rivers and other water bodies. Likewise, they
are important problems to be addressed, especially in areas with high agricultural activity and soil erosion
rate.

IT Research Site

The research study area includes the three river tributaries of the Shimanto River located within Ehime
Prefecture: the Nara, Mima, and Hiromi Rivers. The rivers drain relatively small watersheds with an area of
25.4, 75.9 and 185.6 km’, respectively. Actually, the Nara River is a tributary of the Mima River; and the
Mima River is a tributary of the Hiromi River.
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:"'Mnnl(;cr \ Muma River Hiromi River

Shimento River
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Figure 1: Study site’s relative location in Shikoku, river network and location of observation stations

The towns of Mima, Kihoku and Matsuno where the Mima, Nara and Hiromi Rivers run through are
basically agricultural communities with a significant land area devoted to paddy rice production. Areas of
paddy field in watersheds of the Mima, Nara and Hiromi Rivers are 557 ha, 88 ha and 200 ha, respectively.
These rivers, as observed, have high turbidity and sediment during high flow and rice production months
while relatively clean during low flow and other months. As such, it yields significant amount of sediment
especially during rice planting season which is presumed likely to contribute much to the sediment load and
turbidity of the rivers.

! Faculty of Agriculture, Ehime University, 2 Graduate School of Agriculture, Ehime University
Keywords: Suspended sediment load, Water quality, Tributaries of Shimanto River, Perennial river



It should be noted that the water quality in the Shimanto River, located in Kochi Prefecture and referred
to as “the last clear stream in Japan”, is at risk of deterioration mainly due to the high sediment-laden
water from its tributaries- one of the biggest of which is the Hiromi River. Thus, this research is being
undertaken to determine the contribution and possible significant impact of the sediment load and turbidity
of the river-study sites to the Shimanto River.

111 Methodology
The rivers were monitored from April 2008 to September 2009. Discharge (water level) is monitored
every hour by data loggers. Water samples were collected by an ISCO automatic water sampler- twice a
day during rice production season (April-August) and once a day on the other months. Laboratory analysis
was done to determine the turbidity and sediment concentration of the samples.

River discharge, turbidity, sediment concentration and sediment discharge were evaluated during the
duration of the study and its temporal variation assessed. Erratic and unusual fluctuations were noted and
general evaluation of the parameters was done.

The sediment load was estimated using the power and detransformed logarithmic function models. And
the more appropriate model for the data of each river was determined using some statistical techniques such
as regression analysis and Nash-Sutcliffe model efficiency.

IV Preliminary Results
1. Temporal Variation and Assessment
1) Precipitation and Discharge

The discharge hydrographs in Figure 2 show the Hiromi River having the highest flow, followed by the
Mima and Nara Rivers, with peak flows directly corresponding to precipitation of high amount and
intensity. Generally, peak flows occurred during rainy season (June-July) and typhoon season
(August-October), with few others on other months.
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Figure 2: Discharges of the three rivers and precipitation from April 2008 to September 2009

2) Turbidity and Suspended Sediment Concentration

Figures 3 and 4 show that the Mima River has the highest turbidity (T) and suspended sediment
concentration (SC) during most of the monitoring period, despite that it has lower discharge and watershed
area than Hiromi, Likewise, Nara River has also higher T and SC than Hiromi River in several months. But
particularly, these rivers have higher T and SC during April-July which corresponds to the rice planting
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season with evident erratic and unporportionate fluctuation compared to the discharge.
- During the rice planting season, the sediment concentration is relatively high and frequently rises even
with low, decreasing or normal discharge. These unproportionate fluctuations of sediment concentration as

con}pared to the discharge apparently translate into a very poor correlation between the two parameters.
(refer to Figures 5(a) and 5(b))
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Figure 3: Turbidity temporal variation from April 2008 to September 2009
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Figure 4: SC temporal variation from April 2008 to September 2009

3) Sediment Discharge
Sediment discharge (SD), being a function of streamflow, generally increases as the streamflow

increases. Thus, sediment hydrograph in Figure 6 shows the Hiromi River with higher sediment discharge
than the Mima and Nara Rivers during most time in the monitoring period. The Mima River has higher
sediment discharge than the Hiromi River in some months, particularly during rice planting season when
the sediment concentration outweighs the streamflow as a factor in sediment discharge.
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Figure 5: (a) Unproportionate fluctuations of SC compared to Q during rice planting season, (b) which
translate to a very poor correlation between the two parameters.
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Figure 6: Sediment discharge (SD) temporal variation from April 2008 to September 2009.

2. Suspended Sediment Load Estimation

Suspended sediment load has a direct relationship with water discharge and is, basically and most often,

defined by a power equation. There are two possible approaches to analyze the data leading to the
derivation of the water discharge-sediment load relation: the power and detransformed logarithmic function
methods (Jansson, 1985).

While the two are fundamentally the same as they result to a power equation, they differ as regards to

the residual term as it is additive in power function model but multiplicative in the logarithmic function

model. Moreover, when discharge is stratified, the mean values within the discharge classes are arithmetic

means in power function model but geometric means in detransformed logarithmic function model.
(Jansson, 1995)

Power Function Model L=aQ"  Withresiduals: L=a,0" +¢

Detransformed Log Function Model logL=a+blogQ > L= 10%8 g
With residuals: L =a,0” -¢

log L=logo., +P,log Q+logC
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where L is the sediment discharge, O the streamflow/discharge, a & b the constants and & & ( the residuals

(curve fitting error).

The predictive power of both models was tested through the Nash-Sutcliffe Model Efficiency
Coefficient, which is used to describe the predictive accuracy of hydrologic models (Coftey, et al., 2004).
In this study, it is given as,

__ZL(SD.-SDLY
.(SD, - SD, )

where £ is the Nash-Sutcliffe coefficient, SD, the observed sediment discharge, SD,, the modeled sediment
discharge, SD, , SD,, the observed and modeled SD at time ¢, respectively, and SD, , the mean observed

sediment discharge. The numerator and denominator terms represent the residual and data variances,
respectively.

Mima River

The data were preliminarily analyzed to determine the correlation among streamflow/discharge,
sediment concentration, sediment discharge and turbidity. It showed no good relationship between the
discharge and sediment concentration as equally high discharges have very wide range of sediment
concentration, even nil in several periods (Figure 7). This is also true between discharge and turbidity. This
is one difference in sediment transport between small and large rivers. Large rivers, generally, show good
correlation between its discharge and sediment concentration while small rivers usually don’t; and if
unstratified, correlation is inexpressible in power function because of the presence of nil values.
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Figure 7: Discharge against sediment concentration and turbidity

On the other hand, there is good correlation between streamflow and sediment discharge. Thus, in this
study, sediment discharge is used to describe the sediment transport. Likewise, there is good correlation
between turbidity and sediment concentration. (Figure 8)

Mima River: Q - SD Mima River: T - 8C
4000 300 <
* .
*
3000 .o i5is
¢ . ) : e
S 2000 g = .
e, . 00 *
1000 '.’..o: . ! L 0!'01000.
Fo :
0 *® 0 .
0 5 10 !5 20 25 30 0 50 100 150 200 250
m'/s

Figure 8: Discharge against sediment discharge and turbidity against sediment concentration



Moreover, through trial and error method, the data were tested to be better correlated when seasonally
grouped- that is, April-June which is the rice transplanting season and July-March which is the
non-transplanting season. Particularly for @-SD correlation, the grouping was used to derive the prediction
models and to estimate the total annual sediment load. Hence, in this case, there were two prediction
models- one in each seasonal group.

Also, the discharge was stratified into appropriate classes and its corresponding sediment computed to
account for discharges with nil SC and achieved a better prediction model. Based on the magnitude and
range of data, the stratification into data classes are as follows;

Table 1: Data seasonal group and discharge classes

Season Months No. of Discharge Classes
Al January - December 17
Rice transplanting April - June 13
Non-transplanting July - March 15

The power function method was done by plotting the mean of the discharge. classes against the
corresponding mean of sediment load in a normal scale. Then, the power equation is derived from the
corresponding trend line. The detransformed logarithmic function method was done by plotting the mean of
the logarithms of the classes’ discharge and sediment load in a normal scale. A linear regression equation is
developed using least square method. Then, the resulting log-linear equation is retransformed to yield a
power equation.

Table 2: The Mima River suspended sediment discharge prediction equations

Discharge

Season Classes Power Function Method Log Function Method
Without SD = 8820 (R*=0.651)
Al With SD = 124.00'"° (R’=0.939)  SD=131.30"" (R’=0.923)
_ Without SD = 108.50"°" (R’=0.707)
Rice Planting With SD = 146.90°™ (R'=0.919)  SD=14920"" (R*=0.915)
Without SD = 12.40"" (R*=0.577)
Non-Rice Planting b SD = 100,00 (R'=0.943)  SD=101.00'*® (R*=0.940)

Table 3: The Mima River SD prediction equations’ Nash-Sutcliffe coefficient

Discharge Power Function Log Function

Season/ Months — p5qes Method Method
Without 0.210
All
With 0.766 0.731
Rice Planting Without 0.390
(April-June) With 0.943 0.929
Non-Rice Planting Without 0.308
(July-March) With 0.850 0.873




The regression analysis result in Table 2 shows that grouping the data into classes resulted to a better
correlation. And, generally, power function method resulted to a better correlation than logarithmic function
method, though the difference is apparently not significant.

In Table 3, the Nash-Sutcliffe model efficiency coefficients show that power function method has a
higher predictive accuracy than the logarithmic function method. Though, like in the regression analysis,
the difference seems not significant. However, indeed, grouping the data into two seasons contributes to a
much higher predictive accuracy of the models.

Table 4: The Mima River Suspended Sediment Load (SL) in Kilogram
(April 2008 - September 2009)

Discharge Power Function Log Function

Season Classes Method Method
Without 1.99 x 10°
Al With 4.12 % 10° 399 x 10
Seasonal Without 224 x 10°
(Apr-Jun, Jul-Mar) With 402 X 10° 408 X 10°

The computed suspended sediment load of the Mima River shows that grouping the data into classes
gives a higher SL estimate (refer to Table 4). Likewise, grouping the data into two seasons as distinguished
by rice transplanting season, also generally yield a higher estimate. However, like in the regression and
Nash-Sutcliffe Efficiency analyses, the difference between the estimated sediment load for both power and
logarithmic function method is not significant.

Table 5: The Mima River average O, SC and SD

Months 0 (m’/s) SC (mg/L) SD (kg/hr)
April-June 0.88 425 147
July-March 1.96 26.1 393

The average river discharge, sediment concentration and sediment discharge shown in Table 5 implied
the apparent significant contribution of the rice planting activities in the sediment load of Mima River.
During the months of April-June or the rice planting season, the average river discharge is 0.88 m’/s which
is less than half of the average discharge during the months of July-March. Yet, the average sediment
concentration is 42.5 mg/L which is very high compared to the corresponding average concentration during
July-March.

However, as to average sediment discharge, the months July-March posted a value more than twice that
of during April-June. This is basically expected as sediment discharge (SD) is a function of river discharge
(0). And, since, July-March includes both the rainy and typhoon seasons Q is resultantly higher; and this
contributes much to the natural soil erosion and sediment transport.

The probable contribution of rice planting related activities was estimated by using the derived
seasonal group equations to compute the sediment load during April-June. The result in Table 6 showed that,
considering Q < 10 m%/s, the rice planting related activities contributed approximately 18% of the sediment
drained and transported in the Mima River. This is shown in Figure 9(b) as represented by the difference in
the area under the curves. Likewise, when the sediment load for Q <10 m’/s is computed as a fraction of
the total sediment load at all flow, the rice planting related activities contributes as much as 16% to the
sediment yield.



Table 6: The Mima River Suspended Sediment Load ( April-June )

Equations SL (X 10°kg)
RPS Equation 9.94
Power NRPS Equation 7.3
% Difference 24%
RPS Equation 9.20
Logarithmic NRPS Equation 7.58
% Difference 18%

RPS — Rice Planting Season; NRPS — Non- Rice Planting Season
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Figure 9: Sediment discharge (in classes) during April-June considering Q < 10 m’/s
(a) using two different equations and (b) the translated area under the curves

V Conclusion
The suspended sediment temporal variation in a small perennial river was observed and sediment load

was estimated using the power and detransformed logarithmic regression analysis. Stratification of
discharge into classes in the analyses proved to be very apt as small rivers tend to have untraceable or nil
sediment concentration during some periods. The stratification also reduces the regression and curve-fitting
errors, thus, improving the predictive capability of the derived model equations. Both the power and the
detransformed logarithmic models are suitable to the data as it resulted to approximately the same total
sediment load. Also, the rice planting related activities during the months of April-June was found to be a

significant contributor of sediment.
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