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Investigation of appropriate site for arranging portable fishway by flow analysis

O HEH" - AiHkE" - SfiEC™
OYuri Yoshida, Shigeya Maeda, and Naoki Takahashi

1. [FC®HIC

ERTHUIBIZ 310 5 ARG ORAEITIE, KBy MU —27 O5W N L, FitKiEn 6K
RKHEDOFEING~O I L2 RT 2 ENEETH L. BT EEELEMNT 5 FEO—DT
bV, ZOBEMZERHD. L, MINOEEBITHAMICHRESNTE a7 U — Mif
EX, PEARPED BB REMPKEA~OBEANE L. @iF52021) N, /I - 2l TH Y, &
B A LRSI il fE S AT AR L, BERAYPKICEA Lz, £, RMEoRE
AP O RMERIERIC AT AE IV E A Sh, AW IR OJEE, AIRAENTNOEMHE 2
DATONTE 2. AR TIE, FUKEZ RS, PR & rIiffoE 2 —RRY 22 fiftir ik & L7ziin
DOEAEFHE AT 2 2 & Tl O U 2k @B & i 2 i1 5.

2. Hik

R Al VR 3 R A LR b X oD o A ) 1 L B
e 9 D BERPEKED 5 b, SRR
X 0.685m, AL 22.6° ) ZEte 12.685
m DOX[ZFHRG L L2(X 1). 2020
F10 A 21 BIZENE U 7 BEWTRIERE R 4 1 HEKERIZIS 1T 2 EREER & mTHRAaE (P )
T, BIRmZHEE Lz, 2021 46 A
10 BT, wIfkfuE (X 2)75’7kftﬁ{uu?}”bji
M 7° OABLCRBERRTICERE L, HE
K& & fuE W@{JILL&ﬂK{%%ﬁ(E' L7z.
gl Biiml A I 1, XA 10:20
~12:20 (T IFBEARE O 2 A,
13:01~14:19 (247 RN FTHiffauE 2 5% 2 AHESE O EE R L SR

B L, BAOEEREZZFHIL.

Yifi 2 RTTHRAVIRMTE T v NaysZDH (RIC)Z HIVy, X 1 @ & 9 7 Al faaE % /e N s ek L7 Bk
KRN EZFR U-. 72, ABEEAEFVICHKE LIEGE LB LW EOMNGE LT 72,
20204210 A 21 H, 202146 A 10 H OBIIFEREHWCTET AV ZMRGELTZ. £ OKET — & %5
12, BT E 0.14 m¥/s, FURER/KIE 0.143 m &5 %, 300 ot a st L7-.

. FEREBE

2021 4F 6 A 10 H OBLHIGHA TId, rIlfOE 2 22 HANCRRIE L7256, R E 1.9~2.2em((EH) 2.0cm,
BEEMRZE 0.1lem)D b 7 I3 /R Y 20 PL%, AFMANIERE L2GA I3 E 1.7~3.7cm(*EE) 2.1em,
IR 72 0. 3cm)o> bR ABIL A B L, SES PR AGEZ B L L TV D T e 2R L.

AR AEIE OFX B M (Case 1), AI#kfIE 2 /2 B ER E (Case 2), A HICERE LTz & X (Case 3)Diit

“RYLE: Ibaraki University, 711545 595242 National Institute of Technology, Kagawa College £, i



NEHREIC K 2% 3 1TRT.
Case 1 |28 2 2RO 1.127
~1.468 m/s (BLAIFEIE 1.179~1.714m/s)
ThoHrDITx L, FIENITHEIT Case2 T
B K 0.720m/s, Case3 Thg K 0.506m/s &
20, FEPELSUTIZRD EEZ LR
5. Fiz, FREEZRE LSS ITRED
A& FIRMNCRERZ R T 5 2 &
Whnd., FEENTIRENKE T 7 v Velociy(ms 13 (magnitude)
U KECIE, AR L7 Case 3 © L
K opdEN/hE <, T ey 7 KEOwHE
1% 0.224~0.506m/s, 7 — /L5y DIEHEIT S
0.034~0.125m/s T 5. e

Velocity(ms-1) (magnitude)
0.000.30 060090 1.2 15 18
[ .

b 4 G EE B (2021) 212 L 5 T A 002033040090 1% 18 1

DB ENHERINTWD. HEKD 3 FEWEESAT( D Case 1,2, 3)
O18)NZ L D & X F I AKX D60 57[E R

FAEKGEE I 0.05~0.19m/s & SN TW5H. £, R5HQ018)Y [ZXDELEE2cm BEDA X I DG
HEWFKHE L 033~0.58m/s THDH. D EZMAFHERER L KT 5. SOENT = v 7 XE Tl
3Dk, 7ay 2 OEELRUKEES THRENKE V. £, 7oy 7 KEOWEITIA XD
DZEEWEHEARNM Ch 5. LIeh o> ONUAREIT, #SUENOIERIR & WWiiEZ BT Tl LT
HEBEZOBND.

KBEIZHOWTIE, AEAP ET 7203 RED 2 HBORESHPMBEL SN TWS. LY
3R Y OEEITK 04ecm TH Y, R 5(2018)9 OEBRTHASINIMEE 2cm EDIFIAFD
DOIRENIFR 0.5cm TH D Z End, W EIZIE lem LERKETH 5. FIENOFER/INVKIEIL Case
2 T2.6cm, Case3 CT3.6cm THDHZDH, +ITH ENARERKIENELD EEZBND.

4. BhYIc

B EEFHEK S O B BURNI I ATl fGE A 5% & L 725 A OTAEIT 21T o 7. SuBERREIC LY, fJE
O EFEENEMSND Z &, ARANCEHRE LIZHANRBRAATH L Z Ehbhote. 5%
B OZEERREAZBEL, X0 R Lol EME SR E AR AR T D BNER D D.
5| TR
1) EfEEC » —JRARE - RER - BIE— - ZJIE - FHETFQ2021): KR H 67 T
WRFTE S AT LAORR, EIEREF TS50 CE, 312, 1 29-1 35.2) ZEMEEHRQ2020): KB AEBHTIC
R E U7 AR AGE I BT 2 A EW EORRE L IRAVOMNT, RIKFARERSC.3) HREEAL - ik
BEYR - ATHEERR - @A E C2021): PR ORBERNTIZERE U ATk faE s B0 B ih 0%k
EEHE, JSRKSE, 33, 96-102.4) TEKFRL - FUET - HEE - KEABE—(2018): ST IAFX I D
R U IC BT 5 2B, BB TGRS, 302, 1T 11-11 18.5) IR5E - EKFBEK - BIS1T -
AUEFE - RHEAE—(2018): XTI A X B OZEEREIZBI T 5 KR, BERA LR sUE, 306, 11
1-10_7



UM AERECH SN - A Z 8 E 5 A OEEET A
Numerical Simulations of flow past a square cylinder surrounded

by miniscule cylinders
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AREZEE 2 RAVITRA ST ZOEANREE Y UTREMFEINTE . LA LI, fiih
DEHE D O AN~ Viwe S RN FEL, REWCEERICER T2 ZeBnlonTws. Z0EK
DIBETIX, LA IV ZBOBIMZE W, BRI 1 D DRI f1 12KE X 2 B, £ 2 DD REE
f1, fo WKL 2 HERIIROMR 2 # W2 /RT 2 228 Saha et al. (2000) I k> THS 2 ICE N7z, KT, ¥
BT BT, B f1/f2 BD—F LK% frequency-locking DIRAEEL 725 L A 2 )L ZEHS 325 ~ 375
TH2ZeIPRENTe. BEETIE, ZLERRNOIMEIBAATDONDS X512k, AEEM/NaAEDOR F
e L TRELZBOMEHEPEHZED TV, 21X, Tang et al. (2009) IXEHZE ¢ % 0.007585 2> 5
0.661 OEITEMZET, FMORBEIHZ 2 L 4 NV AEE 40~45 L HEE L E—AEDHE L IZIEEDL SRV
e %mL7. £7, Fang et al. (2021) i3 2 O ZALHKRORETE L 4 / L XBIRAUTE T 5 EHEK ¢

BN, — 7T, TENRBRED S, iRz BV LT, ARETCZAEKZEES %
ZET, MOMBEEHAPEED, A< VIRPHEBEIRENL A4 VI THHMEFRI SN Z e oT05S
(Bruneau et al., 2004).
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CANPNUE 5 e
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2.1 XEgAHER

FEFEHE TR D Navier-Stokes AR 2 BRAEZE OV ATHEELL, 757> aF AR Ty FHETH
<. ZEMIEE 2 KAEEOHFOETIERIL , FEfE71E 3 XD Runge-Kutta 5% % . AL TR AGHRRE
Uin, FIRFFEBOKE X D THRIOTL L 72, FREZIAEX At = 0.01D/U;y, THZ. X v ¥ a4 DN T
WBRETITHRANR S, F7z, 8 3 — Rl Message Passing Interface (MPI) Tk L, HEAKFE R —r8—a ¥
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L IZAFE D EMERE /RS, 5HEMEIE 36D X 26D TH 3. K& X D OAFEROHIC, ZLERHE
B K& X d OEREERZ(ES L 7. Navier-Stokes FRERIIAFEIHOKE X DICX BT ENTWS
ZEWHERINZW. £, Rep & Req DREICIE, Req = Rep x d/D OBRDY® 3. d/D, ZFLEKREED
EH2 ¢, Carman—Kozeny F2#D { Darcy # Da & Tablel O Y TH 5. UMt EME L AT Z
CHTE, v IR —TTlE ¢ ~ 0.45, BEIFKT 2R TIZ 001 < ¢ <01 Th370, KifseTDEM
R o IHENRMETH % (Mazda et al. 1997, Furukawa et al. 1997, Luhar et al. 1997, Nepf 2012) . ffF
(EMRREE) B ZALBEREZELE T 32BN OFIER R & LT, KFENR DD, Brinkmann-Navier Stokes
TR OBEF D L < & Penalization {EIC X 251H TH 5 (Bruneau et al. 2004, Naito et al. 2012). Z
NS DOHERIEHERNTRER K HEFENTE D, TR, S EAREEDS X CERFIBIC S W TRER
K ZHET 2 e CEARRHTOWE D R LEMHZIEER T L BHAETELZ L VWS FETH S, MLUTARHAT
3, FHHEX Y Y2 ZEDE TR ERZFERHL, ZORMETENTHED R LEAZEHT 2 2 & THEASEAD
ETUEZBITTWS. MATREFE LT, =R U = (Ui, 0) 25 %, REEFIINTES S TE R 2.
MFOREIITRILREFC BT 2 FERETH 5. FHAEFEE L TR ITRNDEGERE L.

Y

’ G' 26D

RV

11.5D 24.5D

(a) Computational domain (b) Solid and porous region configuration

Fig.1: Sketch of the computational domain and a square cylinder domain

Table 1: FHEZMF

d/D [ ¢ Da
casel 0.5 0.25 2.11 x 1074
case2 0.5 0.11 1.56 x 1072
case3  0.75 0.12 1.48 x 1073

PERD AR Z B E 2 RN OBUETE T, MAERLTERETFIAHVLNS. RIFFL T, AERZICHET
REZOWNMIBZHER vy Y2 CEbETREBT 2729, FRBEHTFZHV21Z DEEDPRWV. Lizdio
T, D 1 UEBRT 25 E A v > 282 21X 8, BEESE (Bai and Alam 2018, Sharma and Eswaran
2004) ¥ T % = ¥ THEREER v ¥ A BEEI L. Rep = 100 105WT, D = 40Az O ¥ %, Hi /1%
¥ Cp, B8O RMS i Cf, A b — L SticoWT, Cp = 1.48, Cf = 0.175 MU St = 0.14 2355
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Fig.2: Relationship between Req and O3,

L, BEHEZE e RD—8 2870, KL TIE D = 40Ax Z EICHRHT 5. REtE X v > 213 1441 x 1041
TH3. 127701, case2 ITBWTIX, D =36Az 2 L, ZOBDOREHERX v 2 213 1297 x 937 TH 5. MNatE:
DREXZ Az TH5. MMIHEEZZL DFHEX v > 2 THIT 212 LKA LT %25, Fang et al. (2021)
DETE T, BMTFRALY T VRICBOWTHM/MNMEEE X v > 2 1 DOTHEK LT, BHE ¢ 1B THRUVEER
RBZEDHRTVE. 512, BEREIER THEHMER 2R Z 2 HDAATTIEICE VT, Monti et al. (2019)
3, IO KERT %2 1 DOETRFICHOAATS, FEROHERBENZLALEDLRNI EZ/RLTY
%. L7chio T, RIS CTERA T 2 M/ N ORGEEE ERRICE L B RIETHOTIE RV,

3 MRCEE
3.1 WEAREICE3AEET (BFEE) ORARBAORE

RS P49 U 72 AL OB AREL C39%4 13 Bruneau et al. (2004) AS6HH L7 & 512, AREETICSILUER R
B3 2 THAYT 3. Fig2 KFohfiiwE Cplid ¥ Bai and Alam (2018) I X 2 Hi— A Z#E 2
WNTDOLA VK Req & AFEDHINERE C3lid OBIfR%ERT. Rep % Req IWABRLTHILTWS L
WHEEINZW. EFEAED LA VR Reg (ISHB VT, MIEED % Wy NaFERECH A ZZBR O BRI O3l
BHE-AFDOZNID HEDT 22 eh0r D, MADHIEHO mHo & ARSI EREZERET 2 220
BIEDS RTINS, £z, LA 2 VI Reg DEEINTHED, casel TEFIIHRE Ciplid S EMERITHIE W,
case2, case3 TIXHP LT3, BT 203, 25D Reg IZBWT casel IZHEFHIHTH D, case2, cased 1
H A REE LoD H BRETH D, PLHR Ol (38503 4 2 ISBB T 2 12 oM T 5 3 ATREME AR
mEhs.

32 BROAAFIIR

AIEHEBERRD (z,y) = (3,0) B 2 y HRADEE v DRRINT — X IO W THEBEBEN 2170, Z
NZNDFARMFICBOTRIRDIRD WO ZHNL. > T 20 HTH 5. B, LTIRTHERE
(z,y) = (2,0) TORRINT — X TBHFERD D D2H{ SN, Fig.3 12 casel I2FB1F % Rep = 400, 3500 Dl



RERT. WThd 2 00 E f1, fo PEMEFHMOITE D, BEMARTH 223, Rep = 3500 D f1, fo
X Rep =400 D f1, fo KD BDOITDICKEWVEE Lo TWA. Fig.d I casel D 100 < Rep < 3500 1281}
BREBELEE f1/f2 ZRT. f1/f2 ~0.33 TH D, frequency-locking DIRFETH 2 Z 2 2300 5. H—fitEr i
3| TIE, ¥ERIFATRA frequency-locking £ 722 L 4 /L XEH 325 < Rep < 375 L ZATWB Ik
Rz & MEEADMNAEERE (ZILER) THENTWA Z I DBRROEAL F I 7 AKREHEL
25T ZRMT % (Saha et al. 2000). £7z, fo > f1 TH2DX, M/haFEOREXWHE LA /0L
ZED Req & D /XL, 2 b= BV A VR KIEBIOBRICH 2 Z 2 2D e EX LN 5.
casel IZXf LT, case2 TIXERIMDPEZ 2R 2 F 0 2 R T . Fig.h 13 case2 IZH1F % Rep = 3500 DFERTH 5.
case2 {3 casel KD BEADFEFZE 5 WINPT 912, Fig.3(b) IR L7z casel @ Rep = 3500
YIBERLZD BRI A RDIRZENEIRT Z 23005, Fig.5 1 Rep = 3500 12BIF 3 casel, case2 D
B s, HCHAUGIELEN TV 2 e AR I Z D3, casel IWBWTIE, oA Eh T3
YE X, RIS TE 3. $£77, case2 D Rep = 3000 T, FIH BN & NEES ORI H{LH & H 4 2T
HotTzh, BEL A J VAENE 3000 RETH 2 EZ N5, case3 IZDWTIX Rep = 1000, 2000 DF5HR
e, WELDERBIINTS D, Rep = 3000 TH A 2 DI S EAN BT LT 720, BEL A /L XEIZ 2000 7>
5 3000 DRI THZEEZHNS.
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Fig.3: Transverse velocity spectra of casel

JERBURIT I Z T, BIRAVEHIITD 200 H F A TH 2 2 X552 72012, FERORERY 7 — &0 L
THOHBBR A(T) Z2itHE 5 5. HOHBBEK A(T) 3RD L5 ITERSNS.

Ay = SO 1)
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zﬁﬁ@+7§—ﬁ§;§?£nv@M@+TMt @)

JA(T)| 530 ISEWE Y 5 o 2 OIR 2 IR L, I FAUCIE A(T) RESBIROR2 B r T 5 & &
N3, Fig.7 1T casel, case2 1B} 2 Rep = 3500 ® HAHBIREY A(T) 273 . SRR R QiR D AT
{7 & HER AR & FIWT S N7z casel (Fig.7(a)) Tl EHCHEIRER A(T) 2EHITH YD, BEMRKTH 2 L3
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Fig.7: Autocorrelation function A(T) of transverse velocity on (z,y) = (3,0) at Rep = 3500



Z25. MLUT, hAR AW Tz case2 (Fig.7(b)) Tld, BHCOMHBEREE A(T) 23T Offe & $12 01ED
WTED, FEBEBEN R O BEORHULORRE T 2d D RoTWV3.

33 O, —CpEICEBERDDE

ARECUE, BRI IHRE Ciot B X UCEFEOHIHRE Ci5'd @ scatter-plot 12 & D HIRDO 5 EE A S.
Fang et al. (2021) 1, 2O 7By M XD Rep = 4000 BV TH/NMIFBETHER L2 K& X D OMEHE
HEBE 2RI TH2 MWL TWE. LIT, C514 1% Cp, O3 Cp £ LTHKELT 5. Fig8 1<
casel, case2 IZBF 3 Rep = 3500 ® Cp, — Cp M%&End. 72720, ¢ <100D/U;, DIEEFFRNTH 5.
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Fig.8: Cr — Cp plot at Rep = 3500

HERFRATRTH % casel ® C, — Cp MITH 3 Fig.8(a) & Cp = 01T L T 2 DDFA U7z 5EIHA G IEFR
WP ITE Y, AR TH L2 I RT DI, A RICGAEDEDDOHE I ZRBLTWVWHEEZ LN
%. 128, casel D Re =400 1281} % Cr, — Cp KX O, = 0 WL TUXIEHFRTH o72. Rep = 100 DH—
AZEE 2 RAVUIEBEE f1 KB ERTH 20, kD CL — Cp Rz &, AR 1 2DATH -
2. ZDZehs, O — Cp RIZ & W RIRO T E A B EDMAE D 2 2Hr € & 2 0[pEMEDIH D, Saha et al.
(2000) Ty HMDHE v O JE RSN TEHIWD KRR 5 72 3 DDREEEL f1, f2, f3 (& & 2 HERIATRDFAE
FHULA AR OWT RS 5 L MTEB L EZ NS, MUT, Figs(b) HHN A+ A TH 572,
RAMEZ RN FTEMTH S 2 eh o, Op — Cp KT XD, IO DEHAREL 125

4 FEER

ARIFFETIE, AR N ZELE Lz 2 2 OTNFRBICES X 28R, BIRO XA F I 7 22D
WCHR L7z, RO EF 2 MUNMIREBECE S & 2T, PRI C30ld ek — o 2 huc e T
TAIGAEVEHTH D I BMR LTz, Fiz, BIRD I A RS KON T, CFld 25 2 [ REMED B
LZeDaholz. BIMDEA F I 7 A2O0WTE, [REiR L A 7 OV ZBICBWTHERFHROMSEEZRL, 2D
frequency-locking DIKEETH 5 Zr Z/RL7%. AT, O — Cp Mz##i 22T, RIREFHEOT 2 FELAE
BHDNE D 2 P HERTE 2 Z e 2R L, 3 DORBEK f1, fo, f3 X XD MERBITRMARET 214 VB E R




BONZEEDH 2 Z e 2R L. SRIEENZNOFHEZMFICBCTER RIS I A Lk 5B L 4
J VAR E BIFHICHIN S & b bic, mAARKER Y ¥ 77 7465802 ¥ O E BV FEEUC X % ik & il A
5. T, AR ELZTUER TR L 72 & 2R X3 vortex suppression (2-2WT Large Eddy Simulation
WL DFIRS.

%!n

fd
ARHFSEIE JSPS BHFE 19H03073 DB EZ 372 DTH 5. AWFEO —HIZFE R L EMIGHRA 71 72 >

B—DA—R—ar ¥ a—RZRELTERL .
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AquaCrop Z 727 v ¥ LK RIC 51T 2 RO L

HERR AR AEGERR AR O
I —ER - b 1L

1. L ®IC

7Y TIALET 524 v Pk, RoEFERICE W THREIICR CHARSE 2 17(1,345 F + v,
2018 )@ L, FZALRICEWTIE T v H L, X=Y Vv, ZAF) oA H
LEndmiEEEEE LC, HARKOEERLZE LY. T v A—vogErmd %5
A v FCTIEHZF oM, KKIC X 3 REI~DKEHFEGA RAD ez, R a0 tE %
KA DHEBORENIIERLHEL Lo T35,

HER O RELIC BT, FYOKTFEICN T 28 F ROV d B S 5. K2
ARFTIIETEBE ZHE I, IS EiEAE S C L bk, —JCREHE2NER <H 55
A, EEMCREN R oA EZ R TIHKNE 20520 F 7, MoK
DERERT 5 2 LI X BRI O KEH e, MR ICfEozz AL F—a X + DX,
Z LTI T 2 KA RRE~DITBICH 2% 235, b oFHH2 O, A CIIERE
KUOREAICHE L, RMICINEZME 2L 2HME L CEMoRE{LE Bi5 3.

2. BTG
2.1 FHEN R

KFFENEA v PO T v 320, #Hi7 X7 AEIChiE T 255 (K 1, 26°39'59"N,
92°27'55"E) X —2If7H. Ty LIMFEFENKETH Y, 1 E2WE L iZF I KA
INs.

2.2 HENREY

KW BWTIIERB D 5 b 7 v ¥ L0 (camelia sinensis var. assamica) #WNR & 3 5.
FWHET vy oML pER (var sinensis) \CRBIE N5, Ty dLIET v 2405 %5
FEE L, HEMEL KL TXVRERSREL ISR, ERIEE Y RECAERT S, FFicT v
VLM CHIGEINDG T v VLI [ 7 v 4| O CTIFIEN IV T4 =7 &L LTH
LENTWS., FEOBEICIEL, kot BimoEzIz 270, 3Lk % 44
ICTERZSHET 5.

3. AquaCrop

AquaCrop!lZ Food and Agriculture Organization of the United Nations (FAO) iC X b
Rt h T3, 2 IR &) AKFHRICH L CRon s (YL R2HHT 27
NTH D, S RAEOIGER Y (ZIGERRECHI, EWfkE B, KEENE WP, Z&8GE Tr
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Assam "|

Pl el
N

Bangladesh

Data S|O, NOAA 'UE ? )
image Landsht / Copernicus | 02 se™ 1100 km

1 Z5E & SR BLHIS
AW T
Y = HIB (D
B=WP XTr 2
CERME I NS, F7-, ZKBE Tr 3BHEHEERCC & Al L 72 EYRE Ker, (I HEZR TSR

ETo 2L 22 CiEbNS. IERXA ML RAREICE T 2 BE#EERCCIIEY 0L REREIC
G CELDEAEWRERD,

CC = CC,etCCt (CC < 0.5CCy) 3)
CC = CCx — (CCx — CC,)e~CGCE (CC > 0.5CCy) (4)

LERIND., TTT, CGCIIBHEERMREL CC I VIABHEME R, CCxidim KBIREHER
Thb. TNICX-oTRELN S MR Z REREOEFIRAEL L, Z Zicksy, ML &
B, MEZNZNICLEA ML AFHAPEL O, FHEINLBREICE T 2oL R
EAELING.
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I Deep
percolation
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rise

X 2 AquaCrop D FE ¢ 7% % F v — + B

4. NHXo A =2
4.1 JR T — 4%

AquaCrop ICANT 25K T — 21, BokE, RIS mexa, ERHEASRE, —%
{LIRBIEETH D, ZON, ZHLKFIEEILX AquaCrop NI 7Yty b LTHEINT
Wi AT A=Y Fu T TOUGEME 5. BokE, Kk, BEERFEEEICO W TIRIHE
KR 5 30km 13 & DERTH 7 X 74T 2009 205 2018 I CTHIE & 7z 7 — & (K
3) EASIT A, 7z72L, 20154 4 A8 HAHAHA 28 HE CTOMICEH S Nz Kiliszg
ZALL TH 63, MR L L CHO IR E Th 2720, ZolifloKimT — X
DHY A4 b+ “timeanddate” V% FIH L THITE AT - 7=,

4.2 TN TA—X

AR RIIC BV THRE O TIEY v T R, KBS LB IE L 72, Rifk
DO TH B LWL, Liaoetal (2014) UVo¥et i 3515 % van Genuchten £ 7 L
2T A= R % B 72K PR R AR

0, — 0,

0=0,+ (5)

(1 + ||yt n

2o, BINEAKE, BSEKE, KALBNREZRD . EREFEEICO TR v 70l
EINTMEEH T, T 74V MEERAG AT A =2 ERLAN AT A—=2 %K 1 1R
ER
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3 TRATNVDRRT — %(2009-2018)

K1 AN LIedERFr—%

43 FY o X — %

AquaCrop ZFEHBEN L LK O0DIEICONWTSE L L X7 A —XZHL TS
B, BEDOANXTA—ZIFELTELTANTL2LELRDH 5. AquaCrop % V7= R o FH#E
BT =T TiTbhTE VP, =7 o5 mETT v AEICEL LBRETH I L, 7
ST TG I N ERBNIT v s oRNZ RO L b, T TERINAANT A
RGO T A — 2K L7 (R 2). 4 FRHCITZbN 8 ELZ 1 H 1 HICHK
EL, 4EMOEEZFHAL 72, ¥, SEIZHBONKE S X OHEHEA P L RICOWTT —
SZEAFLTORWED, AMZz5 2 R0EREE LTw5,

5. 7 — R LEER

BEMICHEZ N2 EMETE L LCiX, 1) EHEREM : IEfTbh T 2R X —
YESFICLT, TOREMHE, MESs XM L oKBERET 57, 2) Mt -
TE W T HERE S & — v % HEHE I TR o F2E o —E HAM o MERE I 1< U CHEREZ BT - a8 i3
277, 3) NEMEREM  FEKSBEFICHEL, EOE% Tl - 2B E8D
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K2 T oy LREKBOMEY T A — 20

WEE AT 9 /5D 38 Y 288 2 5 5. AquaCrop b Tl H3E/K O E B —EfHICES
BZTLICHRE LK BECHEIREY IaL—va v ETH>2LdTEEH, EiHio
HERLC B W CHEBMBZO K EEZHE L CEMEZTR S 2 L 3NEECcH 5. 7z, HIERKRS
TR HERLEE S TR I NS 720, EEFILEERIICEE GERT 2 BAET L v,

5.1 JEHHE =HERE

BIFE, SR OZEF CIREZFICOKAREM O 729, 1 » A 50mm T 1 B OSEE T
T oCwb, WHEIZEOXFNCOWTE, Ak (2020) WaH i 1055 11 A
b3 HETo 150 HZHz%, &Y 215 HZWZEFE L <, BETHONL TS 50mm/30 HOD
NE—vTHHE LR EX 4 ROER 3 10RT. £z, FURERE CHEMHEZAE L
Terdx—yv & LT, 26mm/15 HOBE DK R ZM 5 KUK 4 1, 10mm/6 HDE;HE DR
X6 RUE S IRT, 22T, Tridz&ea, CC IIEBHEmE®R, Dr i3 okotkkies
%27, Dryyield ZINEOZE R, B I3 OB E R, By ldFER L ABREICEH T
%2 BOHMETH Y, Ratio 1 B/Bpu EEBHETRLAZDDTH 5. Bpo DZALITAIRICE
%9 5. ZOF, 4 FEMOKRIERNE T 1000mm TH 5. Dr DS H» 5, B hoKSyHFR
L, CCOMUNHRD 5 IFHETOMPBFHEAEL THE I Librsd,

50mm/30 H72*5 25mm/15 H it Ratio ¥R 53525, 25mm/15 H & 10mm/6
Hlx Ratio DFUR2/NE L, ¥ 2% EE T b o T L Eo T3, INEDM E
FHIETICH 72 o THEDTHEMD LHE D ZOEHE CIIINED 2 L EKE 2f id B
HEENEFZ D, T, BIEUKS O D B, ZEO LK O ICHEERIC X 2 KA 23
BOOWTHWARWILERLTEY, TUBRFBOEFTBICA ML AR5 2 Tnw5 2 L2
EWEROHEBICD RN TEH Y, HNIERMESR Y ThwZ &b, ML,
L C Ratio 23 % = \> 2009 FHMAKE &, DKV 2013 FERIIRFFIC O W CREMERT .
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* 3 EWIE R 50mm/30 H

Rias 2009 2010 2011 2012 2013 2014 2015
Dry yield(t/ha) | 19.481 19.199 18.545 18.561 18.422 19.386 19.715
B(t/ha) 139.148 137.138 132.465 132.580 131.589 138.471 140.819
Boot(t/ha) 168.191 169.046 169.768 170.556 171.573 172.288 172.954

Ratio 83% 81% 78% 78% T7% 80% 81%

2009~

=L e il il

4 EMER 50mm/30 H
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# 4 EWER 25mm/15 H

FAta £ 2009 2010 2011 2012 2013 2014 2015
Dry yield(t/ha) | 20.110 19.899 19.115 19.014 18.919 19.890 20.443
B(t/ha) 143.641 142133 136.535 135.813 135.134 142.071 146.024
Boot(t/ha) 168.191 169.046 169.768 170.556 171.573 172.288 172.954

Ratio 85% 84% 80% 80% 79% 82% 84%

2009~ " 2013~
- T

e i st

5 EMER 25mm/15 H
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5 EWER 10mm/6 H

FAta £ 2009 2010 2011 2012 2013 2014 2015
Dry yield(t/ha) | 20.355 20.112 19.415 19.190 19.053 19.948 20.473
B(t/ha) 145.393 143.657 138.681 137.071 136.091 142.489 146.235
Bpot(t/ha) 168.191 169.046 169.768 170.656 171.573 172.288 172.954

Ratio 85% 84% 80% 80% 79% 82% 84%

6 FEWEE 10mm/6 H
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7 U AHERER: 1000mm o CREE 4235 b Dry yield 25 b &\ 6 BB LT, —E
DM E% 15mm, 20mm, 25mm &3 L 720G REZER 6 1R, ok, REEMEIT
JIEIZ 1500mm, 2000mm, 2500mm T» %. 15mm & 20mm DIREDOZE L, 20mm & 30mm
DINEDEH B, 20mm/6 H % 2 TOWEMERMINRSE N e 23bhr 2 (e LT
50mm/15 H, #EME 2000mm OFEMTH o N 2 ILE X 15mm/6 HOIEZ Tl - Tk
D, BEIC X 2R OEDHEL 7o 72). K7 ICRT 20mm/6 H D6 OIRIEIK 5> D H#EF
o, EFERTHo THHEMIC X o TR BRLEEBIEIN TV E Z e 3bD 5.

K6 HF 6 HIEEMOF N2 — v

7 EHER 20mm/6 H7E 2009 - 45 2013 RS, & s A I3 EHAR 2 R 3)

5.2 flifaHERE

2013 FEFAa R O I B 2 FARE I L CRric A e K e 2Bl e LT, BMEWNASZFPICLE
LTHREL TRV ERET LN (K8). M 6 THREBUKSBKE LD L Tw 285
L LAabEs e, 20144 - 2015 4 A (B dayd56~ - 821~) 72 EMZEHE D AW

Slo mm/day

Rain

|
Scale .|L
0 mmj/day ; ; ] Sl [ ”ll. vl

50 mm/day

Rlain

Scale

0 mmj/day I [I

time (day) 1 U il o 1200
[ | 1 1 1 1 1 1 1 1 1 1 1 1 1 =1

8 Mmoo Fed: (B 2009 - TE: 2013 Bikh, &I
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DRESHEL TV ZeBHAINDG. 2O L) BFBOSKUEDOZLICL 2 Y X7 %2
2570, WEHOEMN2HEZFFHOFEME 20mm/6 H%Z TR ZGEICHNETH - THIEM
IC X o TRIEFG 2 5 TTIEIC O W TEHE T 5. 2009 £ 5 2012 £ CTD 4 ER] O] IC,
I RERE 2 20mm/6 H ZiE 2 2 B#UE 3 [, xf L CliF=Hic T 3 BT 66 [Hlic
b2, i<y 63 MO 2B 5 & AERIR X 1260mm HhI L 3260mm & 72 %,
%7-, WFP 6 HET 20mm 2 TEVEMDOERZT 2o 72 S HPEHICE & o 72k&EW
BRAETDIHELH Y, RATHA L LHAGDLE TEIKICNIGT 2 LE)1H 5.

5.3 TEWIE S

RO RAIE BIET 56, EENRCHED & FHIC Hk k% —ED LIRS IEY
~DKA DL AR 3D CEFONBEOHCOHETH B, T DNk, KIFEEBIC
FWAHIET 5 © & CUUR DAL & RIBER OMHRILZHA 2 L # 2 b5, RIS
DEGEKE» L DA EEDOBMEKI N 1 HH 70 O#EME% 20mm, 30mm, 40mm & L7z
BRoOFERER 7T ITRT.

® T AEHEEER

R4 EEMNEERER R U N2 — v e B L T, 30mm % 40mm 3 E TII[FE%
DREME A LINEOMHUAE L\, 20mm F%E TIEFHIF D THHERERIER I N
235 b 30mm GRE D D DUNEDIEIIZAFT S & 72 523, 30mm FXE Tl 40mm 3XE & Lt
RCTINEDOKIEZ M EAR SN,

5.4 E%

T3, BIEFEM S T\ 5 50mm/30 HOEHIEREMS O, MEMEZHER L 72 % T
WS P22 LT3 4% EINEDAEARADZ Z e Bbhr o7z, L L, FERSHEE
% 6 Hic L C% Ratio 13°F¥ 82%13 & T A, FizF:ho LK OMRiZ T& <
BoF, KO+ NHREBICRELTWE Z 2, WEoH L2 HfEd 7o I 3#ENED
BB EECH 5 & )RR I N ERICOWT 6 HiFRO MR cHIR L 723546,
2009 4E - 2013 4ERA#EF; D Dry yield ©F¥ic BT 10mm/6 H & H# L T 15mm/6 HT
1% 8.8%, 20mm/6 H Tl 10.8%, 25mm/6 HTiZ 11.1%D#EME 72 v, 15mm/6 H DB
TUINE D KIE BN, 20mm/6 H CHEITH & v 5 BRSO N7z, M, REEME2 2,000mm
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L 75 % 50mm/15 H DU 2SS 1,500mm @ 15mm/6 H#% Tl Tk b, HERHE O
BV X D AREIC RN RER & 7o 72, T, EHE R CHREOREME D £
RO X0 THIITHERSE LY LT3 2 EnEECTH Y, R RIS EE
ThHhILEREZEHR L 72 15mm/6 H, 3 L IZINEEZEH L 72 20mm/6 H TOHEEM %
RET 2.

MAT, X0 EERERTEORE L L THEUKICIE U ik R el E B2 R
AEL 7z, EHAEEEEM 20mm/6 H & OMR % KT 2 &, Rk OBIEHRKEDL O OR
RIS X OFERE 40mm 3%E T IRIE 3.3%MH, 30mm XE TIE 6.7%14, 20mm FE
TlE 7.2%88 L 7o 72, HREEEIEIC B VT 40mm &E T 1640~2040mm & 42 2,000mm
ZTFMmE Y, 30mm FHETEMIE, 20mm FETRAEECH O, IEOHIMIEAS 30mm 3%
E & 20mm BFHEThNE W &, EHEROE G, b, INED M % B354 30mm %
E, WIEMEZERT 256 A0mm REFANEHEREM L LT 5. 2721, S
PRE L 7= AN EHE BRIERLLEE 1 72 Lok oy 0 HE & R HEMA LI L 72 D, BWEREE
BOMEHE a 2+ Ol A B BRSO RINIURTE L 72 REN R L L TCoREL 2 3.

6. B HIC

AL <lt, AquaCrop #H WA Z & ICX W HRDT v 2R EICE T 2 EREZ M L,
XD L 72N X — v R REL 2. SBITHEKRRCNRICE T2 7 v 3 v 7 AiEY
T — 2 = 27V R L 72 RER I 7 SURZLB) & B & 2 7= EME T E R E 2 Hif 9. £ 7,
AquaCrop HARTIIREECH 2 Lrh D ERHREL G0 7 fifE - O FodEfticonThE 2
Tw{,

51 3k

(NG, MR OFER 20217, BB EAHETE. www.stat.go.jp/data/sekai/0116.html, (£
i 2021-11-19)

[2]FAO. “Medium-term prospects for agricultural commodities: PROJECTIONS TO THE YEAR
2010”. Rome, FAO, 2003, 192p. ISBN: 92-5-105077-5.

31/ e, FHME RS o@EE”. BIARESE, 2001, 5(1), p. 23-24.

[AICGRRFA BRI SE B il S, BEEHTTEA), IFEHCREEE (2016~2019), FF 1, 2020

[5]Steduto, P., T. C. Hsiao, D. Raes, and E. Fereres, (2009) “AquaCrop—The FAO Crop Model to
Simulate Yield Response to Water: I. Concepts and Underlying Principles”, Agronomy Journal,
vol. 101, doi: 10.2134/agronj2008.0139s.

[6]Time and date AS. “Past Weather in Tezpur, Assam, India — April 2015”. timeanddate.
https://www.timeanddate.com/weather/@1254710/historic?month=4&year=2015, (Z1# 2021-
11-15)

[7] Liao, K., S. Xu, J. Wu, Q. Zhu  (2014) Uncertainly analysis for large-scale prediction of the
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van Genuchten soil-water retention parameters with pedotransfer functions. Soil Research,
Vol. 52, pp. 431-442. https://doi.org/10.1071/SR13230.

[8] van Genuchten, M. T. (1980) A Closed-form Equation for Predicting the Hydraulic
Conductivity of Unsaturated Soils, Soil Science Society of America Journal, Vol. 44, pp. 892-
898.

[9] Elbehri, A., A. Azapagic, B. Cheserek, D. Raes, P. Kiprono, C. Ambasa, ..., P. Mejias. (2015)
Kenya’s Tea Sector under Climate Change: An impact assessment and formulation of a climate-
smart strategy. FAO. http://www.fao.org/3/a-14824e.pdf

[10] The Earth Simulator jointly by science programs (SOUSEI, TOUGOU, SI-CAT, DIAS) of the

MEXT, Japan, “How to use.”, database for Policy Decision making for Future climate change
(d4PDF), http://www.miroc-gcm.jp/~pub/d4PDF/design_en.html, (& 2021-11-04)
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LIS F 2 M Lz HOK B E O£ 7 Ak

T RFRFGE PR Ol EIR « FEH— - EIEE
1. IIL®IZ
peke, BEROKRSBENL, KKRT ¥ VOARIZ L > TSNS L O L L THITS
T&E7. ZORHED FTIE, HEOEKEEKRLRKRT v vE ED LD IZEEST 50,
i?l, EIBZK DEIE DK & WA T Darcy HISERNZT 2 DDy, LW o 72 3ED i S v T
I, I EFRERSTEERBRET UEFIELS LT, B S T 2RI Lz
ﬁ%?ﬁ‘ﬁ%i“@ﬂé (Freitas et al., 2017; Fomin et al., 2011; Pachepsky et al., 2003).
FEECHPEIRBE S TN T, — kA7 BAREPE O MBI 2, 12 BERV2 R L v o
7o FHE, S DI FEEE @%E’@ﬁ’i’%)@ﬁ‘é IRLPEERIE DO ERIT N O0d 5703,
AR TIE, FEPEERESE L TRb K<L b EFKD—>TH D Riemann Liouville &
BI(RL ERAE) Z AV D, 2 RL BRI K 2B £ (1) D a(e R) BYERIX N DY f () X
1
I'(m-g) dt™ 7o
“C“ﬁéiéﬂé 22, mita U EORNOEE TH L. HELREREEIT, RL EEKD
FR)OPIHNEEZEL I ENO N0 8910, MEQRBEEZZMT S5 LIck-T
%75‘2}%51?(3?)5. ZO, BN - BEMEDOH DBIG0, 7T 7 ZND XD p &Rk
P2 R TBRICOWNWTOYHET VN EZLBRTO2DOICHENRFIETHDL EEXLND(EAR,
2012). HHEKSBENOATII R, ALHCBIT 2HENRHET VT, 20X 5 729k
BB RS F) A X 41 TW A (Guinot et al., 2005;, Unami et al. 2021).
T ITIE, 2 ORI E R A B i o O RO IR R T T AR < Z2fE T R 0 Ay RIS
1 Ff L 7= fractional advection dispersion equation (FADE) %, SEFED 18823517 5 A EaFiZ i
DFRERITISHT 5.

RLDE f (t) = — 7)™ (r)dr (1)

2. P
FADE DiEF & Z ORI b & S < BUEFHETIEIC W T 5.

T3KS 4 EN DS, FADE

69(2[(,0 _y 66’;)):,0 d a“gii(,t) @)

WCEoTRIkEN 2 EWETDH. 2218, REEHE O X)X, K4 ¢ (hour), HIFKED DR
B x (cm) CORFEE KR EZERZTHLO LT, v IIBIRE, d IZ0BERE, o 3IEEK
BHERE O EZ R L, aeL2) ZiMi-T b0 L35, RBRQICE T D IR E B S
RL ERF A5

Meerschaert et al. (2004) (2L 5 &, ZEML FADE OFEFERZ 1525 121F shift Grunwald
method (SGM) & FEIEAL 2 BEBULTFIEIC & 0 IFBEBPSEREE 2T+ 5 2 &, A CRef7
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MNTIERRAEIC L VETET 2 2 E DB E Shd. SGM I & 2 IR B B OBk
ITElE,
0"0x.t) 1 &
axia ~AX”‘ ;gkei—k-ﬂ (3)
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-0;,B (j<i-1
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LI boJ5k% AT FADE &I L, EHME & T 5.

3. ik

3.1 WFTExT S

A —FE LN D 28 18 B 5% (hydromorphic environment)|Z 35T, 2009 4E75>5 2010 D EIC
L7 ARG KRB RINT — 2 2 5. Z O OFEEH K EIL 1050mm T, W
FE—FIZ—H @ H~10H) OARTHL. KEEKRIIH T 10em 7225 80cm £ TOXFH
T10em Z &, FF8 T THIMILTRY, ZhEh 55 T L IEEZFHIL T D, ARIFET
R E OO T 30cm £ TOT—X 2HWS. £z, HEICHWS T —X 13 HEOKSBE
FN AR CHERR T X D 3 EDERNA X2 MMZoWTTH Y, 4 1000 0T — 2 &2 5.
HANY FOFHIRICEAL TR 1 OLBY TH 5.

1 FERAT—Z0HM
Eventl Event2 Event3
2009/10/29 16:10~10/309:30 2010/2/12 17:40~2/13 14:00  2010/4/27 3:00~4/27 19:40

3.2 bl ik
FZHME & FADE (2 X D MERER E 2 L, TOMENR /NS 2B H(), oK
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4. FEH
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R K= B /i & [mm]

36.0 5.0

35.0 —
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31.0 / | 20
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rain fall —es=simulation real value

1 HERRLET—F OWUEKE L OB E(Eventl)
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FEEKRBOYSGENE L, RIEBD BBIRICEWE TR E TWDIiZxk L, Event2 DFE
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RimFAKBICE T HKUAERRELTOESETOEAMICET S
ERHOTFR
Experimental Study on Water Level Control Method
Using a Check Structure Combining Weir and Orifice in a Farm Ditch

Ofg =" - PRI - RIFE FE
FUJIYAMA So, NAKAYA Tetsuo and NAMIHIRA Atsushi

1. [FL&HIC

B 7K B8 7 2 o0 2R i K B S B C K B U R A A5 K 9T D R Tk H LG o~ 0 B S 2R e K
EITO O OKEHRBIEL LT, BAY— bEHAKROBERE, BXUERO &S IR
WRDHI, TNOOERIEICHND T HBRHREE SN TS (F-1). £2072, REREHH
ZLEBLUTEREZETELZRECTEBKIAOKNMZHFFL, HAROBERELZIT 2
ERLMERGKEEHETENIE, TOHNEHR TE 5. BT 5 KBEHEICH LT
IKALZE B & i C & DZHEREANNITIE, —MBICHBAKE CHEA S TWD, #BEHs &<
fEfR L 72 &L R HE S duckbill weir X2 52508, T b OMisk % KimHKEKICEH T 572
DIZIFE R\ RFEETEREITOARAMETHL. 22T, I - FR (2019) KRG
LTW2D X997, HROERICIHIBIRICEKREZEAITR FENEZRDEEAEXTH
NITHRETLENRS THHO, KmAKKICEA T AEERHD. Lo, KiFRE
TR ET 5 KK TIRE D RS TOER & 20E 2 5 0#iE 2 0F 8 L 72 KE S
ERB T ENZNA, BRI - PR (2019) OSBRI EBRHESMETOER & A T F ol
MEOFH LI KEEECTHD. LLEDOZ ENDARMIETIX, KEEBRICEY, Kl
WZBT DKM HE R E L TCOBVRHEFE R 2B EX0OBEAEZ®RFTS 2 L% H
Hed 5.

B kg | BAT b RS- b i
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k- =, e PN
ke rams Y% es = [IF
a7 |E - o) ol
% X
L Karkig

sy

B-1 KisHKEIZE T 5 KEHEOE

2. MRDAE
2.1 EBRAE

B-2 1%, FEREEOMEL R, FERKKIL #AEtX0BRMEAL TET S, BRI
K DMAKREBROF NNHEE SN TWD AKX OKGHAKE (KEEIE 30cm, /KB EE &
30cm) ZET ML L7, KEEIER 10m, KEME 25cm, KEEMAEE S 30cm, KEAEEL O

R A PEE RN A IR B AT T BF 28 M Institute for Rural Engineering, National Agriculture
and Food Research Organization ¥ — U — N : REGKE, KOAFAEME, KHEER
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KR TEICE S TP ETT ML (ffffm) 12¢n) LH
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WY — R ORERE R T coe g O
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Regularization method to estimate parameters in a water balance model for an infiltration pit

(OTomoki Izumi* and Koichi Unami**

1. Introduction

Rainwater harvesting techniques have been intro-
duced for a long time to secure water resources in
arid and semi-arid areas that have minimal rainfall.
There is concern that water shortages have become
even more severe because of the recent population
increase and the forecast of a precipitation decrease
due to climate change.

This study addresses the development of a micro
catchment rainwater harvesting (MCRWH) system
for practical use in the crop field scale. The authors
conducted field experiments to evaluate the collect-
ing runoff performance of an MCRWH system [1].
Here, a regularization method is applied for estimat-
ing the parameters in a water balance model for the
infiltration pit of the MCRWH system.

2. MCRWH system and water balance model in
the infiltration pit

An MCRWH system with V-shaped bunds is devel-

oped at the experimental field of Kyoto University in

Maizuru, as shown in Fig.1. The land slope is be-

tween 14 and 19%. The catchment area is 11,449 cm?.

The infiltration pit with the dimension of L39cm X
W36ecm X H18.4cm is filled with gravel. A water
level logger (U20, HOBO) is installed at the infiltra-
tion pit to measure the water depth every 10 minutes.

The water balance in the infiltration pit is de-
scribed as follows:

dv »

o O—kh (1)
where 7 (m?®) is water volume in the infiltration pit,
O (m>/s) is runoff discharge, / (m) is water depth in
infiltration pit, and k and p are parameters. k#” (m?/s)
represents the leakage from infiltration pit. The water

volume, V, is also calculated as follows:
V=pAh 2)

where ¢ (-) is the porosity of the gravel filled in the
infiltration pit, and 4 (m?) is the plane area of the

Fig.1: MCRWH system developed at the experimental field of

Kyoto University in Maizuru

infiltration pit. The ordinary differential equation (1)
is discretized in the time domain as follows:

V

t+At

= V; + Qz - khtp (3)

where ¢ is time, 4¢ is the time step. ARX (Auto-Re-
gressive with eXogenous) model is employed to rep-
resent the relation between rainfall and runoff.

i<n

Qr = Z(Ki’}—i + Kn+iQt—i ) te “4)

where n is the order of the ARX model, K is the
model parameter, e; is white noise. Substituting
egs.(2) and (4) into (3) results in:

h=XK +e (5)

where

h=| : |, K=| " |, e=|: (6)

*  Graduate School of Agriculture, Ehime University
** Graduate School of Agriculture, Kyoto University

Keywords: Micro catchment rainwater harvesting, Water balance model, Regularized least squares
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3. Parameter estimation in water balance model
Using the least squares method that minimizes resid-
uals, unknown parameters vector K is obtained as
follows:

®)

On the other hand, some regularization methods

K= (XTX)’1 X"h

can prevent overfitting that spoils the model’s versa-
tility. The total variation regularization method,
which minimizes the total variation of the parameters
in addition to the square errors, is one of them and
has been applied to image denoising. Recently, the
application to regularizing hydrology-related data
has been also studied (e.g. [2],[3]). We opt for the to-
tal variation regularization method. The minimiza-
tion problem is described as follows:

minimization ||XK - h||§ + /1§|KM - K,,| )
i=0

The alternating direction method of multipliers
(ADMM) is employed to solve (9). The ADMM is an
iteration procedure given as follows:

K[j+11=(X7X + 77 "%) " (X0 797 (2l j1- VD))
z[j+1] :Sﬂ(‘PK[j+1]+v[j])
vij+1]=v[j]+¥YK[j+1]-2[j +1]

(10)

where S, is soft-thresholding function, and ¥ is a
matrix described as follows:

-1 1 0 0
0 -1 1
w=| o 0 (11)
0 0 -1 1
|0 0 0 -1

The initial guess for each of the variable vectors z
and v is set as the zero vector.

4. Results of parameter estimation
The least squares method and total variation
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regularization method are applied to the parameter
estimation of the water balance model. The reproduc-
ibility of the water depth observed at the infiltration
pit is investigated for each method, as shown in Fig.2.
The reproducibility of the peak is improved by using
the total variation regularization method.

(a) Least squares method

(b) Total variation regularization method
Fig.2: Comparison of reproducibility of the water depth

5. Conclusions

We dealt with the problem of estimating the parame-
ters of the ARX model to represent the water balance
in the infiltration pit of the MCRWH system. The to-
tal variation regularization turned out effective in im-
proving the model’s reproducibility.
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A thorough description of one-dimensional steady open channel flows
using the notion of viscosity solution
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Abstract

Determining water surface profiles of steady open
channel flows in a one-dimensional bounded
domain is one of the well-trodden topics in
conventional hydraulic engineering. However, it
involves Dirichlet problems of scalar first-order
quasilinear ordinary differential equations, which
are of mathematical interest. We show that the
notion of viscosity solution is useful in thoroughly
describing the characteristics of possibly non-
smooth and discontinuous solutions to such
problems, achieving the conservation of
momentum and the entropy condition. Those
viscosity solutions are the generalized solutions in
the space of bounded measurable functions.
Generalized solutions to some Dirichlet problems
are not always unique, and a necessary condition
for the non-uniqueness is derived. A concrete
example illustrates the non-uniqueness of
discontinuous viscosity solutions in a channel of a
particular cross-sectional shape.

Keywords
Open channel flow; Viscosity solution;
Generalized solution; Hydraulic jump; Gradually
varied flow
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