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Changes in Flap Gate Height and Hydraulic Environmental Conditions in an

Irrigation and Drainage Canal in Alluvial Fan

OLEREH" BENFT REFRA

IR R R IEET

OATAKA Kyoshiro®, HOSHINO Koji*™*, CHONO Shunsuke”, FUITHARA Yoichi*, ICHION Eiji" and
FUJIHARA Masayuki®™*

1. [ZFC®HIZ

FEUN R MO L AN AL E T 5 &
FKIE, 201544 A 1 B RF SO 52 4% i ff
1% 4,747ha T 3710 1 BT (F L, 4R,
B2, JIHAERT) 2L T\ Ok L
By bty Ak, 2020). FHEJINCERE
S EILEEE T CHUK S U725 R K 1
DD SRR LT 5. A
KB U 7= ) R F-BUI R Hi i3 Ak g
W OEARIETH Y, BEK
BOEDL L ZAICHEELLIUKA 25T
TEY, KEHAKOKEFR RS @
KB Z AR & U TR o # X N 8 FI)
FBRER->TWD (FHH, 2012).

Lt AKEERT DILEHKD 42 5
TR T, 2008~2009 4 (2 B A AT
v, 7 =496 fHIK, K3 v 350 a4k,
T 95 flEik, v~3a v /AR Y 78 f#
s, 774 30K, ZAIvFaY 260
i, B2 15 R, Fra 12 iR, U
XY 9K, X~FF7 5ELARL,
A 17 FOREL 1,136 RO AN ERE I
iz (—B 5, 2013).

K 42 BBITIE, b oM
HHOBEZELE L 7B B U % 72 1T
NEBREBINTND., ZhbomER
WA TATIT R ER KO BUKNL & 9 5

IR — FBRFEBIN TV DEHA
INZNS, AR — NN T 5 &
MRKEL I posEet 7 (KR %
HEULDHZENZ VDT, FEOE ENRE
D ERNEZLND. BIRF— b
DL & FERITHEEOB B I K X 7 8
hHZXDAREMEND D .
AL, WEAK 4-2 530 KK
3K TR RIS RV T 2019 FE oIk
VEMEM & 2020 4 ORI EIR S —
FOmES EARBBERESFEEZRAELT, A
HOBBMEOKEE oI T 572D
AR KEBRESIEDOEEZ WS T 5
ZEEHEHME L.
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A1 (d6, d7, d9, dle6, d18), IR~ — b
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201948 H 725 202049 A £ T dl,
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Table 1 /K& & H5 5

Water quality measurement results

HFHH VIS KR pH EC DO BE (GRLv BRE
(m) (‘C) (uS/cm) (mg/L) ~ VU E) (cm)
(d1)
2019-09-04 0.19 21.2 8.3 105 10.64 54.5 13.9
2019-10-02 0.12 22.4 8.2 145 10.43 9.7 54.3
2019-11-13 0.02 18.9 7.6 250 14.00 0.9 100.0
2019-12-11 0.09 10.2 8.8 123 14.14 11.2 48.7
2020-02-20 0.19 8.5 8.6 112 14.39 43.1 16.7
2020-06-03 0.22 21.6 8.5 130 12.70 11.7 46.3
2020-07-03 0.25 19.9 8.4 112 12.65 38.9 18.2
2020-08-08 0.26 20.7 7.5 107 12.05 31.3 21.2
2020-08-18 0.21 22.2 7.9 106 11.35 20.0 25.9
2020-09-21 0.13 23.2 8.1 148 11.24 24.6 27.9
2020-10-30 0.03 16.5 9.0 420 18.12 7.3 81.6
(d17)
2019-09-04 0.34 19.4 8.1 90 11.46 500.0 2.0
(d19)
2019-10-02 0.18 19.5 8.3 129 11.07 11.4 46.3
2019-12-11 0.16 9.1 8.3 114 13.71 10.4 44.7
2020-02-20 0.21 7.1 8.5 115 14.54 42.1 16.5
2020-06-03 0.33 17.5 9.0 103 13.45 8.9 48.6
2020-07-03 0.20 17.6 8.5 93 13.33 43.1 7.2
2020-08-08 0.27 19.1 7.8 105 13.56 21.2 28.3
2020-08-18 0.26 21.1 8.0 99 11.78 16.4 34.9
2020-09-21 0.14 19.5 8.1 137 13.16 23.8 23.2
2020-10-30 0.03 16.2 8.9 400 19.99 44.9 17.5

ik D AIEIZKT D DO D FENEIL 6mg/L LA
Lk, 7 e=X T2 F Tmg/L EED S
NTW5., B A O DO 1TV d
FEYEM 272 LTz, — B (2004) 1T X
% &, Ly HAKREETK 700 7 BT O Y% £
TITHAFREINTEY, T2 THE KN
I TlBREIns 2 e, Bkan:
KBZEHLZBIFER ThHoTZ L b AU
EIZHE DO [ERE N7z EHEE ST
W5, SHAEAKEO DO X, AEHOAERR

BENCRFICEDN S D TIiE e n & & 2
HiLD.

KMo pH X, d1 1% 7.5~9.0, d17 1%
8.1, d19 1% 7.8~9.0 TH-o7=. HAKEE
2 (2012) 12Xk 2 &, Wi - HEO
— DI KT D pH D HHEIL 6.7~7.5
EEDLNTWNDHDT, FHSED pH 1T
WS EBEE LY SWEZRLTWVS.
— & (2004) 12 XX, £ HKO pH L
EERICT A IETHY, Lr HKkE



BoKLTWas HILEEE ToE EjiEo F
BOHNOKBEDpH S 8.4 % /R L TWDH T
B, oy HAKO pH O S IXFHJIH 3k
DELEDOTHDEHEINTND.

KM D EC 1L, d1 1E 105~420uS/cm,
d17 1% 90uS/ecm, d19 IX 93~400uS/cm T
o 7o, EAKHIRE H o 2020/10/30 12, dl
& d19 O H A T HE S AR VVE &
HEL TS,

WE (R~ U ) L, dl 28 0.9~
54.5 F, d17 7% 500 &, d19 7% 8.9~44.9
JETHo 7. d17 O EVER, 2019/9/3 @
RO ENREWEEZ L. BHEL,
dl 7% 13.9~100.0cm, d17 7% 2.0cm, d19
N 7.2~48.6cm T - 7-.

4 F&OH

IKNL « KB H—& A v H =31 R
T EAWERAER X OT — & B O B
HIFE A &, 45K W H X ER A K B 0 d17
DS DOFT RTORKRST — FBER L T
7. 6/10~7/20 O+ Hf#IX, d10, d11,
d13 X7 — M2 R ST ny, ds,
d14, d15, d17 (ZEUR S ETW iR o 7o,
FR SE TV o 7= d8, dl4, d15, d17
IZ2oWThH, HFHIRRE D% D RFEAKEE
IR — b B3l T o —EpY 2 K ALAR T
NBH SN TWB DT, FOREOE S
T ORER LT, RS — FERE
MRS TR T HRMEN D DH & B %
5.

A%ix, RS — b THIE L7z B K
R L AR v T — DAEIT H D TR I &
DRFEENEFEETHTETHDH. KK
WMEND, FEKEOKEE, HZETO
AT &S, Mol 7 — Vi, PREECRIR 7
— MERE OKERLHE L FHE LT, &
K7 — b ORI & ERFFICEBTX 5
fEHAEHETE L TV &z,

B OARMFZEIE, BRI IR BB
JeE e (CEMIZE (B)) (EREE 5
19H03073, & @ EIIESE) O3EE %
FTEMLZ. ZZICHRLTHEELRL
£7.

51 XX

—RBIE T, R ES, (LAHE, REFRIT,
ERAEAT (2013) : HEEUS AT D K
BIZ B 1T D PRI DB L & Az o
T, MABIRIE Y 2T L%85E, Vol.19,
No.l, pp.19-28.

—RBEE T, HPEE (2004) 1 £y AIKOK
HUKE, A1 R RS R R e
33, pp.1-14.

KRBT (2020) (ZH 2020.11.13) : A1
GRTOBEDORRT — R, (A7
4 ), ANF5E (https://www.data.jma.go.jp/
obd/stats/etrn/index.php?prec_no=56&bloc
k no=47605&year=&month=&day=&view
=)

KEBF > By MK (2020) : £ kD
Bt 2, http://www.shichika.or.jp/outline/
index. html
H A K PE & IR Or 5 fp = (2012) (M
2020.11.16) : AKEEFHKIEHE, (T A1 ),
A F S ( https://www.pref.miyagi.jp/
uploaded/attachment/292209.pdf)

HHOE, JUCRE, g2, milER,
TEAHE 1 (2012) @ 57 H L Red R 15U it 12
BT 5 KHHAMKANERIT KD,
R T SUE, No.282, pp.35-42.
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Fish Movement Survey Using PIT Tags in an Irrigation and Drainage Canal Flowing

into the Sea
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OHIKITA Ryouma”, ITO Yoshito™, KUWAHARA Tomohiro™, CHONO Shunsuke*, FUIIHARA Yoichi",
ICHION Ejji’and FUJTHARA Masayuki***

1. [FC&HIC

FEUI SR A A 0 & 2 H K % #E Rk
THKRKEO—>ThDHILEHK 42 53X
MIZIX, AEOBENCEE L-Z2EA0
7= (FREE) ¥ A 7 OREREZE TR
Z<BEINL TS, —EDH (2013) 12X
Ll 42 BIGHROBEREORE, 17
HORBENERBLTWS Z L, NS
KB~ EL XD LT 2L 42 5K
MTORBOSAARMEZH ST LT
5.

ARFZEIE, WERK 4-2 5BICB W
TREOW L, BT ok xR
BT HZETLERK 42 5RICHRE
SN TWVWDLRBEMEAETOKRELH L)
T 52 ExANET D, BERADL,
BELMKGE T Th D P, RiHE § T,
2019 £ 9 A5 2020 4 8 H £ TOH#E
fa R EHmETD.

2. ARAE

2.1 AEFRKE

AW ORI G X, 1WEAK 4-
2 FEMBOTFHHE 3.5km O XM TH D
(Fig.1). &R XEIL, AR AL
AL LTV D, B IXHIZIX, Fig.d (2
AP X DI, dI~d19 @ 19 fH D FEFE TR

RE I TS, 2L, k& (d),
EEvE 5 (d2, d3, d4, d5), £ B (de,
d7, d9, die, d18), #IR7 — MM & LBk
X (d8, d10, d15, d17), ERZF— &
gl R x=fFE 2B (dI, d13), Bl Xk
AP E LB (d12), BRIE- 81D R & A&
Z B (d14), AKX (d19) o 8 FEHIT
SEEND.

R

N o
0 1km
]

L
H A o ETL
dl S AR

d19

d1

dig8

Fig.1 i A K 0 ¥ 72 T AR I
Location of drop structures in the study

canal

2.2 REHM
FHEOBB ZLET D720, EMoD

* AT R AW EIRERBES4E Faculty of Bioresources and Environmental Sciences, Ishikawa Prefectural University
oo L & Y RS R KE Tokyo Branch Office, Chuoh Consultants Co.,Ltd

R R KBRS FE R Graduate School of Agriculture, Kyoto University

F—U— R fOERKET, FERIRERM, PIT X7, 277075, "o T4 27 ) —2—



RAIZHERDIAATORIET S, AR 2
A[REZR PIT % 7 % 7= (Fig2). &« F
B (2002) 1%, Wada, MdE, mAadE, e
hiE, S, WILEZR E oW L x5
ELEEBETL LIIHARE FCTOT
A MZBWT,PIT ¥ 7 OEFRITIB BT
1290%LL EC, fEkEHINTE~—
XU TR R TEFENRE D E 0D
ZlE e, EEERBRYEITE,
K, EFRE~OH LN R LY
fER SN TN L2 LT LTW
5.

FHICHDIAATE PIT ¥ 7 & 5t LD
ke L<C, ¥77>77F (BioMark %k
®) 2R L7 (Fig3). 277075 F &
X, Y —5— %%/ (RNG-100D-SS,
RENOGY #:#4), #FHE# (M27MF, AC
Delco %), RFID B%52 {58 (1S1001,
BioMark #+8), 7o T F Ty 7 g v
(J-Box, BioMark ft#l), = — K755
(9 15m, BioMark #-8) 75 A& S
LEET VT F VAT LATHDH.PITH Y
DB OEERUE F1%, 181001 [ZHLY f1i) 7=
USB AE Y —|lRigk SN DAL 2o
TWa. BIGTo¥ 77 o7 F0ORED
HHIE, MBS TET I VEEEET
FE D EEB RG] BIA A TR $H 455
THEEL, MELEZT 7 LEa0 EicY
— 7 =%, Ny 7 U —, 1S1001, J-Box
ZEELZ. a— K7 U7 FIEAMICH
FoN RERWTERDY T, Ak a ks

Toay 7 ) — MBI Y TiEE L7z,

REGHETNL, PIT ¥ 7 O A0 & X 0k
BIATH 12D, /A XDMle s, REOD
LT S &FfE LTS, dil, d17i2% 7
TUTTERELE. L, dITOE T
TUTFVAT AL, V=T — AR
R oERzMEE SO0 a b
00— 7 —OET, 202045 A5 8 H
OMEIIBM xR oT.
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LTI

Fig.2 PIT ¥ 7
PIT tag

Fig3 ¥ 77 77

Tag antena

2.3 PITA2 S DEY 1+

BB 217 5 72912, dl~d19 O /K Afl
TIICB N TEME, TR AW TRaE
EERELL. REL-AEOAR L KE
ZHEL7=. 90mm LA _E o E AKX IE #E 72
KR EMHEL, 4> Y= 2 % — (BioMark
8, MK-7) Z T PIT # 7 (Biomark
REL, RS 12.5mm, B 2.1mm) % fE
PIZHEOIA AU TE (LA & 7 H Al 1K) . PIT
S TIENE S T DB FTRE RN T A
4% 7' — & — (GPR Plus, BioMark %)
ERAWCHE 7 F o n"—%@ik Lz, 7
fiANEARIIAKEE DK E NI THL
B, BENEFTHDHZLE2MHEBELE
%, B L7 V8725 T Ot L7z, 90mm £
W OMMAIE, R ER A ek LT
LR ET TR L. £72, BREL
72 90mm LA B OfERIT & 7 AEAR ) E



SIMENST 4 BT Y —F— TR
5 7RI C D 12 5, FEERE 2
LChREZMEL, ¥ 7T A —&isk
L, SR L.

2.4 T—R R
PRAEMERIL, -~ CHRE, [, RE
LT & BPIRICFESR LT, & @ AR,
ff, KK, ¥ 73—, Bk, Bk
TR A BPIRIC RS Lo, F 7o, BRI
FLEk L7727 — XL, PC TT — ¥ X— 21k
L7z, W\, #7772k - Ttk
ST TR AEERD T — 2§ FERIZ,
M SN2 7T 3—, B K, B
M%FTa PC Cr—4_X—2{kL7z. B
gLy ZHAREKRICONTE, FAL
Ko, # U7 F o —, iR K, R
fia T —2~_X—2{p L7z

3. MREBE

3.1 RERAK L 2 JiEAREK

201949 7 19 AH~11 A 21 H,2020 4
3H17H~3A30H, 5H26H~6H1
H @ 3 Wi o fafd 5 E4EE A % Table 1
T, BRbEREINT-HBIL, =
RV T362 MR TH T IIZ,
Rz d 300 @R, 7 =Y 8187 @k,
R a v 163 E K, 7= 71/ D 157 @R,
1= 71 146 HIK L, EALX T R TIEAE
ANEDTEY, Kb {REINTE
PKAUX T = 108 fHIACTH 5. 1,457 fEIED
95, PIT & 7 & DA A 728 R 1 180 i
KT, MR 2 7 A (B K% % Table 2 |2
9. Table2 (2R3 K 5T, fafdEpl s 7
AR EE, I~ BN 66 fHIE & b
%<, TR 43K, RYa v 30 1k,
Foa 28K LT WD, 7, #2
AR OWNERIL, 201949 A~11 A1IZ
79 fE &, 2020 4 3 A1 17 @Kk, 5 A~6

“11-

AlX 84 KL 72> T 5.

Table 1 £ 78 BIl £ 4 8 (A %%

Number of fishes collected

HH 9/19-  3/17- 5/26- &F
1121 3/30 6/1
2R % 3 0 0 3
~ 1 0 0 1
FYaw 95 35 33 163
SRV D 147 60 155 362
=R | 89 56 42 187
VIR 7 0 0 7
V=Y s 13 0 144 157
[N 240 56 4 300
= A 98 24 24 146
= 3 0 105 108
YT~ A 0 0 1 1
A 7 3 3 13
T T Ty 3 2 0 5
BTNy 2 0 0 2
oA 0 1 1 2
ait 708 237 512 1,457
Table 2 fa il & 7§ AfE K%K
Number of fishes with tag inserted
HH 9/19-  3/17-  5/26- &Ff
1121 3/30 6/1
FYaw 9 4 17 30
=R | 4 0 0 4
[N 27 0 1 28
= A 35 11 20 66
7 0 0 43 43
VA AP 0 0 1 1
v 7A 0 1 2 3
T T Ty 2 0 0 2
BTNy 2 0 0 2
oA 0 1 0 1
it 79 17 84 180

%72 TR OBREME A E % Figd 1IZR-7.
Fig.4 27”73 X 912, d2~d5 OB % H %
ET T, AEEZIILALHIESTDLZ L
DTERLoT.

2019 AEFEHEWEMT (9 H~11 H) 1B Wn
T, HERNSBAKKETIE, 3> /7R RVHE, F
va, yxIAVE, hwY i EDEAR
RN RERD 97%% Eo T, R, d7
EdllicBnWTa Y/ RUENEL FE
SNz, £, TaOWERT 3 EKT



HY, 2T dl TOHHETH-7-. HH

(2019) X, FEJITOT = OEINHIL
10 A EAI~11 A4, BETFHIZ 10 AP
Al~11 A TAITHY, FHF 4 A LA~6
A FACHINCE L3 25 k5T
L. ZOZ Ehn, FEEMMIC dl THRE
ST =i, FEINMEZIIETHICE
WT, B2 OBETLEMEEZEESEZL
nan. £z, d12 v EoOXETIX, K
YangEED T MRKEM O d6
L0 EROEZETOKINE LA E T —
VBT AT HERE E N2 <, R4S
WCESTERLRTVWRETH-T-EE
Zbhb.

2020 4E 3 HIZiX d8 TEL o XA
PR I, BREAREEKICHED D
FEE, FFEMHOMELFRL 97% TH
Z0%, i S Lo E ARSI 708 (A D
B 237 fEMRICIAD L7z, d8 ¥ 2 TR
T— NI KK EHERT D201, IE
HEWHIZB N CHEYLTRY (—Bb,
2013), ZOOMENRLZIE LTV
AREMEN B B .

20204ED 5 H~6 H OFA&E TILT = 105
R, T 144 K, 27 T~ A
di8 T 1 kg S -, b 3
IENER T oH D BB EEAICE > T
ERRGEHTH DL EE X LN D 143 fEIK
DT 2 Hrhfald dl TERESHT. B
5 (2019) 2k D &, T2 IIHEIC
Mz EL, T<ARWEETH W & FELE
ENHEHD., ZOZEMS, Tk
W&o T dl OFETITH ETHZ &N
REECThom B OND. FEMEH T
KATHL 7 2NN 25720
2, EEANEKIZED ZEIEIT 79%IC
FLTWE., £72, d8 LV i CE&E
L7227 =% d10 T 2 fE{k, d11 T 1 {EIR,
d18 T2 E{RDE SEAETH 7.5 H 26
H~6 A 1 HOREMMIZE W TIE, dl

~d8 XM TOT 2 HEHIL, 7 EREK
EARD 95% % 6 TUh=. d8 DEIR &7 —
MPE ZEREETR T 20 E % [RLE
LCWERREEREWEEZLNS.

100

I 2019.9.19-11.21

80 |mmmmmmm el e B

60 |-mmmmmmmmmmmee | eeieees | EESEDRREE SRR

40 g ';'|'I mEirne
| |

20 [---------- -l B I 1

TV T TV T T T OO

60

2020.3.17-3.30
L

40 fmmmemmmemmeeeeee R

18 A%

— NN <t v\~
T O T T T T OO O o e e e e )

T T U T T T T T T O
7% 7% T No.
FIEDYSNUE | m R
e EDE | Fvaw
=82 mh=Yh
| s uZ DOt ATE
Fig.4 V% 7= ThIfaJE IRk

Number of fishes by drop structures

3.2 3 T ABAKDBHEKIR

T DL TEAMER B EED S L, T
T T ORI ETLIIHERBICE > T E
Tz B & 727 21X 28 ik TH -
7= (Fig.5).
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Development of Water Level Prediction Model in Reservoirs by Encoder-Decoder LSTM
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Comparison between the standardized precipitation index and the dry spell
length in terms of indicating drought severity

1. Introduction

The amount of precipitation during a prescribed
interval is a common drought index. It is often
standardized to  evaluate  spatio-temporal
distribution of drought severity [2]. While, the dry
spell length (DSL), having a straightforward
Markovian structure [1], may be a more practical
criteria to make decisions on supplemental
irrigation during drought period [3]. In this study
the standard precipitation index (SPI) is compared
with the DSL in terms of indicating drought
severity, referring to the practices in an irrigation
tank for supplemental irrigation for paddy fields.

2. Definition of SPI and DSL

The statistics of precipitation are assumed to be
year-periodic. The year is divided into periods
{Q,} indexed with the integer k. The precipitation

depth on a generic day s is denoted by R . The
amount P(#;T)

prescribed interval 7T up to a generic day ¢ is
s<T

P(5T)=D R, . (1)

For a set of observed precipitation data at a weather
station, the sample mean and the unbiased
estimation of standard deviation for P(#;7)

of precipitation during a

during a specified k-th period Q, of the year are
denoted by u,, and o, , respectively. The SPI
on the day ¢ with the interval 7, denoted by
X(t;T,{Qk}), is defined as

X(t;T,{Qk})=%k_'u”, te @)

While, the DSL on the day ¢ with a threshold 7,
denoted by Y (t;rg ) , 1s defined as

Q,.

Y(t;r,)= inf (t-7). (3)
re{s‘rg <R ,sSt}
It is noteworthy that the time-continuous

counterpart of an SPI X(t;T,{Qk}) is a

continuous stochastic process, while that of an
DSLY (t; rg) is a cadlag stochastic process.

3. Data acquisition

The irrigation tank is located in an anomaly dry
part of Kohka City, Shiga Prefecture, Japan. The
water level of the irrigation tank is being recorded

OKobhei Kimura!, Koichi Unami!, Masayuki Fujihara!
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every 10 minutes since April 19, 2016. The nearest
AMeDAS station is Tsuchiyama, which is located
7.1 km apart from the irrigation tank, and daily
precipitation data since January 1, 1979 until
October 30, 2020 were retrieved from the website
of Japan Meteorological Agency. However, there
are 38 days of missing data, where the data from
the other AMeDAS station Higashiohmi are
substituted.

4. Results

Supplemental irrigation withdrawing water from
the tank is performed if the local farmers perceive
drought severity, mostly during the first half of
August. Therefore, the year is divided into 24
periods of equal length, and the period indexed as
k =14 mostly falls on the first half of August. The
values of s, and o, , calculated form the
AMeDAS data during the years 1979-2015 are
197.7 and 119.2, respectively. For T smaller than
30 days, those statistics yield spurious oscillations
among the periods due to the lack of enough
number of data. Table 1 compares SPI and DSL
with », = 1 mm for all the days when water is

withdrawn from the irrigation tank.

Table 1. SPI and DSL on the days of water
withdrawal from the irrigation tank

Day X (1:30,{Q,}) Y(51)
09/08/2016 -1.15 5
04/08/2018 0.15 6
10/08/2018 -0.68 12
02/08/2019 0.71 6
11/08/2020 -0.27 8

5. Conclusions

In the context of Japanese tank irrigation where
Markov decision process is the common practice,
DSL, rather than SPI, might be a better indicator of
drought severity.
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Estimation of water temperature dynamics in paddy fields using LSTM considering vegetation

growth status parameter
# X KM ERY. ®K ®A*
XIE WENPENG, KIMURA MASAOMI, TAKAKI KYOII
FREKPERPREFEGRPEMER Graduate School of Agricultural and Life Sciences, The University of Tokyo

RS KRR Faculty of Agriculture, Kindai University

1. Introduction

In recent years, neural networks have yielded
exciting results in many fields, such as natural
language processing, computer vision, and time
sequence processing. As opposed to traditional
physics-based models, neural networks are data-
driven models and use observation-based
feedback to train parameters to reach global
minima. In this study, we use neural networks to
model the thermal environment of the paddy field
and infer the water temperature based on
meteorological observations.

Long short-term memory (LSTM) is an
artificial recurrent neural network architecture.
Unlike standard feedforward neural networks,
LSTM has feedback connections. It can not only
process single data points but also entire
sequences of data. Therefore, LSTM networks
are well-suited to processing and making
predictions based on time series data, such as
water temperature dynamics of paddy fields,
since there can be lags of unknown duration
between important events in a time series.

There are many successful applications of
LSTM in hydrology, such as flood prediction,
water temperature prediction in lakes, and water
level prediction in rivers. To the best of our
knowledge, no studies have focused on modeling
the thermal environment of paddy fields using

LSTM. Unlike thermal environment in lakes

-45 -

which have been modeled by the previous study!",

paddy fields, as shallow water thermal
environments, are susceptible to surrounding
environment and anthropogenic factors, because
of low heat capacity of water body. Furthermore,
the paddy fields are sensitive to the climate
responses. Thus, the contribution of this study is
demonstrated by the use of LSTM to calculate
water temperature in the paddy fields and to
investigate the effects of paddy field-specific
environmental variables (vegetation growth
status parameter, K;) on the performance of
Here, K; is the

introduced parameter by Xie et al. (2020)* with

various neural networks.

a range of [0, 10] which is related to radiation
transmittance and corresponds to the denseness of
the vegetation layer.
2. Model

The time series processing power of LSTM is

reflected in its “gate system” with the following

equations:
fe = U(thht—1 + Vl/xfxt) (1)
gt = U(Whght—1 + W x,) (2)
or = o(Wyihey + WiPx¢) 3)
Et = tanh(thht_l + VVxCxt) (4)
¢t = [t®ct—1 + 9:QC; (5
h; = 0,@tanh (c;) (6)

Where, f;, g:, and o, are forget gate, input
gate and output gate, respectively. ¢; and ¢, are

candidate and formal cell state, respectively. h;



is the output of LSTM unit. ¢(-) and tanh (%)
are activation functions. W indicate the weight
and @ indicate entry-wise product.

Functionally, cell state stores past information.
In the t-moment computation, the forget gate
controls how much past information cell state
forgets, the input gate controls how much
information is sunk into cell state from the current
moment input, and the output gate controls how
much information is output by cell state for the
current moment computation. With the gate
system, LSTM can handle time series problems
and consider the effects of past variables on
present calculations.

In this study, we also use the fully connected
network (ANN) and physical-based model (2-
Layer heat balance model, 2-Layer)!? as baseline
to evaluate the performance of LSTM.

3. Methodology
Meteorological data observed in paddy fields

are used to train and test models. We performed
field experiments from 19 July to 19 September
in 2016 at Tochigi. The measured items include
the air temperature (°C), solar radiation (W/m?),
relative humidity (%), air pressure (kPa), the
horizontal wind speed (m/s), water temperature
(°C) and water depth (m) with observation
interval is 10 min. Vegetation growth status
parameters were back extrapolated from the total
heat change in the paddy water layer, using
methods from Xie et al. (2020)?!

We designed four scenarios to explore the
capabilities of the models, corresponding to
LSTM and ANN and the presence or absence of

vegetation growth status parameters. Besides, we

discussed the effect of the amount of training data
on the computational accuracy of the model.
4. Results

The prediction accuracy of the four models
under different training sizes is shown in Figure
1. For setting up the training, we chose the first
60% of the observations as the training set and the
last 40%

coordinates in Figure 1 represent the extent of the

as the test set. The horizontal

training set used for model training, e.g., 10%
means that the 10% of the training set was
randomly selected to train the model. From the
figure, the models with K; in the training data
performs better than the models without K,
which indicates that for the thermal environment
of the paddy field, the level of vegetation layer
affects the water temperature. For the LSTM
models, the training set containing K; provides
better computational performance when the
training data set is small, but the prediction
accuracy of the two models is similar when there
is sufficient training data (under 100% training
set), which could be due to the fact that the LSTM
of the

environment of the paddy field.

learns the characteristics thermal

The accuracy of the neural network versus the
physical-based model is shown in Table 1. From
Table 1, all models, except the ANN model, have
higher computational accuracy than the physical-
based model when sufficient training data are
available. Furthermore, the models containing K
outperforms the physical-based model even
under 50% of the training data. This shows that

the neural network model has the potential to be

applied in the field of agro-ecosystems.

[1] Read JS et al. 2019. Process-guided deep learning predictions of lake water temperature. Water Resources Research.

[2] Xie W et al. 2020. Simulation of water temperature in paddy fields by a heat balance model using plant growth status parameter with

interpolated weather data from weather stations. Paddy and Water Environment.
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Figure 1. Estimation of paddy field water temperature under
three training sets using different models. KL after the model

name means that the training set contains Ki

Table 1. mean RMSE of various models.

(Unit: °C)
Method 10% 50% 100%
2-Layer - - 1.31

LSTM  2.28(+0.41) 1.56(£0.51) 1.01(0.18)
LSTM-KL  2(£0.62)  1.20(£0.24) 0.98(+0.21)
ANN  2.17(x037)  2(£0.39)  1.77(%0.16)
ANN-KL  2.3(£0.27)  1.17(£0.1)  0.86(%0.03)
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Experimental verification of Leak detection using Pressure transients in Field Pipeline

OMMEFEE SR ™ AER",

E7g /T (SN VTR 3 2

(OYohei Asada®, Tetsuya Suzuki**, Masaomi Kimura™”, Issaku Azechi****, Toshiaki Iida™"*"*

1. [FL&HIC

JEZE R KR 132 DR 03 & BE R 5 A R
SN b DO THY, BFLAEATND
T2 OIK - HEFRIIE L MO —k %= &5
Tn5W, XoT, ffEI DL CTEBEIED S
WK ETENT, RZE T KBS OMERFE BRORE
RERZINC S L CRAICRD BN TW5, U4,
BNOEDESZFH L TRKERMT 5
EPML TR & TR = X b, /N5 ) TR
MNTEDEW[FSNTNDEO, Lo, itk
FTICHE SN TWDIENET A ATk
FRENE OB CORGEIZIER 125172 <, B
KR TOBGHGETEE D OMDIRY R S
TRV, AEFFECIX, FHBREIETIZH 5/
B AR 2 BIGGEO X R e L, FEE
g % W 72 IR ENE IS O W THME O RGE
K ONEEEIT -T2,

2. BISERER

INEERRR A KR TN B R AR (RIROKRE)
~ERA~FRAEAK L (R ALVT) o725
45 17833.4m (9 18km), #cAK/K/E 1.19 MPa
(KEE 121m) DA T T4 L AT A THD,
ZDOVAT LAOBERFITIIN L DD oI N &
D%, FHAY BTN SRR~ L D705
YU TET DIBHVTE D FHIE 4.60x102 m/s Dt
EE SR AR~ ST (B1), /)
AR OMEZ R 1 IRT, &)1IE5HH
KEEDAEIT 2580.51 m, EFEITIX 7 Z A Lk
g, HF250mm, HE75mm ThDH, K

FERCIE, FKES NI E 3 2 FriRiE
K LOHIAKIRZ FBY) CHEAE L7, FIE OfilkFp
BAEE % 1/2 [BlHE, 1 [Bl#E, 3 [HROD 3 /34 — 2
BREL, TNTNMANLE Li=tk, VT
ERERATOIE N EE 2884 S W72, JTE1EH)
VT E ERICE G ERET D 2 & TR
MU E7, KBS DHEDOENOIESR
A MET 2721, FrfRiEAK L 58 73 m =
MCHHEHRT O VT (HERA) BTS2
ET, IARERE LT, TXTOHAIZENT,
TR Z HEtiE 3~ 5 BRI THER R OB X 2 [RlER & L
JRAKEIE 0.051 725 0.054 md/s Tho72, K 2
WZHTRIEAR TOFIAKF OB 1/2 BI#RIZ3
J BB IRNGE L B LGA DL

HARFEKIT (Fiim) (x=17833.4m)

" B Ak
X .
i3 X 58
o | g
i RE
7
g B X HRAKE (x=10863.47 m)

| ESNERAAE g——

(L 7R5m)
(x=0m)
1 /AR K EE ORI
=1 AR O
IRELKENSO & BE (mm) | BT (mm)
0~9455.923 $HE (SP) 1000 6.0

9455.923~16169.66 ME (SP) 900 6.0
16169.66~17833.4 | 544 4 A JLik8&%E (DCIP) 600 7.5

PR KPR FA MBS SEL Graduate School of Agricultural and Life Sciences, The University of Tokyo —**

BB R B RFLER (D)
of Agriculture, Kindai University
Engineering, NARO

Faculty of Agriculture, Niigata University
RIS o E S AT A TE AR M B T S P
AR B PRI A RVEFERFE A Faculty of Agriculture, Iwate University

FEL AR TR R E YR Faculty
Institute for Rural

F—U— R itR Nk, BB, KBRS, TR, PR



R, SR S/ NE R ENEETH I
ENTFIRE/RIRBECTH D Z E AL NI/ o T2,
LLEDS, A ENIHIK IR OIHIBEEE 28 1/2 [EHR0
A ORERCTHRAEETT 9,
3. MWFERUVHER
TRANEDS TR S D1 Y, JEHEE O
BIIKRELRDZENRMONTNDHODT, K
WS CTILFERMME L EEY I 2 L — a3 ST &
D ENEB OWIE A ik 5 2 & CIRKALE
EHEET D FEE Lo, FETT VT 1 kT
KREBEERRNET VEMER L, £z, EHE
IR BEEMICERT 2 2 mbh T
LODT, Z OB OB O A
BRI OFERE & Lie (DABE, Z OfefE % s
RS, WORfREIT 1 ABIE & 2 A
DAEIHEE AL DIEE N SR D T2, FT,
AP LRNGEICBNTHEHEY I 2 —T 3
VERNMEOENEBNAEET L LI ICF Y
U7 b—varvEitolz (B3), TOfE, —
DOOENEEO 2 JEAHE £ TO RMSE 73 1.20
m&ipolz, ZOXx VT L—ra vy LA
VR ab—va EAWCCEERE & RN
& & ORRE RDIZ (B 4), B4 OfftdhiTmK
B D H OWWERED BIRAKB I NGE D
AR 2 B T2 IR KIS K D AR 8 Ry, A
VX R URAAE 2 & DOIRIKALE % & O 2R THR
Jefb U7z SR SR KL E x," TR LTV 5, K
(2 K DRI R, 23 FE D R, = 0.1191 L 72 %
R TTIRKNLE xR 4 Btz b 2
A, xp"=0.980 & 72 1) FEESDIKNLE x."=0.996
EOBAETEORRIZH LT 1.6%E o7z, LA

G, EAEEE AWTRARBREEZ L - T,

B8 B ORHERIR KA 2% L0 T O RS EE THdn ¢

(1) EFHEELE (2017)

EHLTENH LN oT,

4. BHYIC

B8 BAZ B W TRAKIZ X 2B NESEH)
DPHEDENNOIRAMELHEETEDZ &
DHER T E T, RFIEITRADRNGE DS
EENZHEY I 2 — g  THIET S
NV, X0 IERER TR AKALE O HEE RS AL
DA BTN D, 5%, WKRMESTKEZ
AL S TCARFIEOBMORIAEEAT 9 HLEN
borlEZLND,

0 200 400 600 800
BERS (s)

B2 HrREAK L CRH S a7 e A E)

(R T BREE 1/2 [FIEROS5E)

— RAfE —FEfE

EHZEEL (m)

0 Sll) lll)O I;O 200
Brfd (s)
B3 FESZEBIO KRN & A b

0.16

0.12 A

0.08 A

& HEERE R,

0.04 ~

BKI

0

0 0.2 0.4 0.6 0.8 1
R TTRKGLE x,*

B4 BRI R & IRRALE x. " D BRI

D BERKRERICBITAA My 7P A OB OWNT

(2) Meniconi, S., Brunone, B., Ferrante, M., & Massari, C. (2011). Transient tests for locating and sizing illegal branches in
pipe systems. Journal of Hydroinformatics, 13(3), pp. 334-345.

(3) Y. ASADA, M. KIMURA, I. AZECH]I, T. IIDA, & N. KUBO (2019). Leak detection by monitoring pressure to preserve
integrity of agricultural pipe. Paddy and Water Environment, 17(3), pp. 351-358.

(4) EWHEPEY, AIER, i —F, &, ARk (2019)

D OEKBNOT RV —EER AR LT

KRB FENE O APERET TARFREICE Bl OKLF) , 75(2), 1.799-1_804.



KEEERZMALLETILANA TSA VICHRET B NEDOERIE - EEMETE

Use of Water-Hammer Phenomena for Nondestructive and Noncontact Detection of Stress Field in Model Pipeline
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