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ANTL=a2—F)VRXy NU—F7ETIVEFIH LTI-Hk s
WE/KHL D 7KAL T HNZ BE 3 B AF4E

AFIERH*  E ETE

LW — 1

L)< TR PAN:

KA T B FE RIS ROk B 2 = » b
o [E R BT 2T
ik (BR) T —7 BT AT A

=B

T DIREL DR RAEM DI EHE ~DKIE, £7=, PKMRR MR = 2 - &Ml 2 72012,

=
=]

PIRSINIE S 4

M7 HEAKIERR DIERANLETH D, & ATPWKFFIZIBWT, =X U U THEOKMRWNE Y TV Z A4 ATTRITE
IE, YKV AT LAOREERNEBTE 5, AMFEOBEMNIL, AT=2—F/L%vy hU—2 (ANN) £7/L&FIH
L C, MO E K A~RIVAT iR & Z DKM E Y T X A A CTTHAEER VAT LA EWHET L2 ThHh D,

Z DYV AT AT,

179 ha D fEE A L, Pk, KA AT o kit 2 Fp-ook MUK 2 S 7=, ANN €7 /b~
DASE, BERE - KO- B THKRETH D, REDREET =4 %2495 -0l

RRITT AL A G DOWERT— 4

ZIEIZLT, 24F L 10 EMERER A N2 M E e NIRRT —# 2 /Ep L, KA - BT —213, ZOBNT—2 %A
T E UCHE SN HKENTE T L OISR ZFIH Lz, ANN ET VO HINTKNL - i TH D, 10 OISR
AlE¥E % IV T ANN B 7 VO PRI ORREE 21TV, 30 43 & 2 I O RAE TIlIE 10% AN D= F =3 5 biviz, £z,
10 SFHEREEN A R MZOWT, ZOZEEOFEOLETIE, 2 K # O EROKML O FRNITH 10% DA 5Tz,

F—J—K: ANL==2—F/L%y NT—7FFN, HKEHET IV, BN,

1

il

ITAEDO KU X > THR T 2 ZEMICENRED 27
BEML7=Z & (IPCC, 2013) CBEHOERIE(L L EHILIC
PEVKEBOFIENEL L2 & (FEJR, 2013) 72 St
WA D701z, & AR BT 2 PR LB O B 3 28
fELT& 7 (AR, 2012), i~ T, R 7H7e EOHeKE
& (BAF, HEKEES &\ D) ZEFEORELICKHE LT
BEIEHT S ENMROPETH S, & x1E, EHR
WEHEAN (ICT) ZFIH Uiz ks R LiE 1z &
>C, FEMITEICKE O KN 2 0023 1E 72 5 S ICHERF L
720, @RS EY % A 2 B FE 5 00 Sk 4t A e L T
D9 HZ ERHREIC /D (e, 2017), AT, HEKEES
DI ITEHE (> TRERAMLERDDT, LV
RN IRIE D RD B AL D (RMOKEES FEAHRELUR, 2018)
— I, PG ORI R EFIET 5 v 2T A%, ik
FEEORAITIG U TR - EIE2EUE S Cnd  (BMK
PEA AR, 2018), filx1E, ICT TGSt v
T =2 LHET 5 ANTHEE (AD OV AT A~OE AL
ST, KEFLD T2 OB M D AN o0 5 % H R Tl
T 5 ENTEIUL, AN ORRIAK RS DUV TR~
OFFILENFREE 72D, > T, BAKMOEIZ L -
TR AL L, RN REE oo Ry 7%
[FIREFIH 9 2R 2 BT 2 & i, R 7 omilE iz

S, ARAE T

L2HEBI<CZENTEDRE, YK AT LOEER
WAL GTE D, ST, BRI OEEE O
{EIZHE D MR OBEBSITAFEFEE LTV D (LA D
2010), ZALH ORBEZ MRS 272012, B L7 EFEHE O
J OND ERREo 2 ALTERD B RIS S A7 AT E UL,
FHERETHHED LYKk AT LAOEHNFRTH 5.
PEDZ Enh, YKkBSOMmNEE AEic=a s ha—
JLTE BEE - BRI D AT AOREENR RO BB,
BETE DAL « TRED U T AX A ATRIET L E LTI
IRIZ BT B AR E R AT o i T T v (B &
Ko, 2014) 20, WA~ T 4 NE R EDT —H ELTE
i LT e T v (B 2L s, 2007) 72 AV
Fond, FHfEre T v E2FAT 542, Wl - &
e LHORIH e EOREEEECH D T A — 2 BT D
TeDIZE KRR 2 B 5, I REICRE LI AlOT
—T7F—=v7 Bl BHRIRAHR =2 =T TRy NI =7,
Krizhevsky et al., 2012) \ZA5HID K 9 Aeficlr Ok
TN ALEBZEANLIZANL=a2a—F 0%y NT—7
(ANN) E7VIE, BEOBNT — &% O 225 0 7
VB A LTRIDFIRE 72k 2 I iy B TR MR E > T D,
B Z0E, FIICRT B U TIVE A Dk FIELT S 721
e TV B v 7Y 7 ST ANN £ T L& FIH
L7-#Efb Aonsd (—85, 2017),
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LrL, 20X 7HEE T VBT PHIRE A
B DHIDITIE, RENPDZERR DA LR OT — X & s
LT %, EITHUK TR OWTIE, ZERREOT — X IVE
IERPEIRN S DOBLIETZRA N FOBHEILE < 720
OIS, BT — 2 OB TIEFBIIR I ORBA bIEES
N5, AR TIE, BRSSO/ IWT, B
F— A NRELTWDE=DIT, HERIBITET L TR EE
W N T T — 2ty hEERL, 07—ty
FEFIFAT 5 ANN £F VAT D0 LT 5 KN THIS A
T LAOEELTIBDOTHDH, NLWRT—XtEy heL
THRR ST & 7203 Ai & B o T- RISk LT Sz
HEKIRHTE 7 /L DKALIZDUNT, ANN EF /U2 L D KAT
WO ETEEZRFTT 5 Z 2 HMET 5,

2 A &

2.1 RAERNZHMX

RO GiX & Uiz A #X L, KH &M RAE
S TR O WO AL 179 ha, HEFEREEE S 50 H R
PkEN T TH D (Fig. 1), A XKD OPEKIX
KEED FRAM N E T HHEAKESE TO 3 AORT (3
BAFHEKE 1 2.0 mYs) Lo TINCHEKEN D, 36
DR T EXENENHEIRED R D, HEAKEE O RK
L LTk (KRS 800 m®) 1ZFRE Sz KArE
2D, 10 5EOKNT —F RER-EIN TN D, 72, Bl
IR — BRI O F — Z ST BN T — & D3 FisR
Shiz RET —Z TS TRy, 3 80K 71X
FNENHIE Sk O KL U CRedh L,
KD IKALN FA D F THENERRZ1T 9,

22 ANI=Za—3F)Lxry k77— AN ETIL

HEIKBE 5 K D KA T & 27 BT AR EN D
ANN ET/UZHOWTLLTFIZEI T2, ANN 71 & (3,
PRER > ST — 7 BRET DRI T — 2 R E
TT, FEMRIEEREORES LIRS D b
D THZ (Simon, 1999), AMFETIL, 7 —% O i—
FHTHDHT7 4 — K749 — K ANN €7 b
(Schmidhuber, 2015) ZEAL, 3 @O/ S—&7 ba &
7L (Rosenblatt, 1957) & L7z, KTF/LIE, HEWFEIC
HWB 72800 7 "o =T 5477V —"Th7s TensorFlow
(www.tensorflow.org) % FIVVCHREEL, EAMITE1E 9 %
flido 0 =B GEE L TNy 7 TarF—r a3l
AL (Rumelhart et al.,, 1986), RAZEHEE D7z DI E i
(LRI AR T AT Y AN E LTS =y FHER
ARk T (BEE, 2017) 2#2nEneei Lz,
FEM7e ANN B 7 /L OAEREIL Fig, 2 1R Lz, AJIEIL,
WD T A L AINSIEE LT EIT OBEES O 3 BRSNS
1 WO E (R [mvhr]), PEABESIC B3 50Kk
HIZ I HHREAO 30 DRI GEILETO 10 mEOK
NZEAL R GEEKIAKAE, hp [m/s]), BEZKEESE 2 B8k (T
JI) ~PkEN DR 7oiiE (K 7HkE, Qp [m/s])

Fig. 1 AKX OHPKBEEX

Schematic diagram of the A area drainage system

Fig.2 ANN TF/LODOF—H 71—
ANN model data flow
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Fig. 3 B/ <% — 2 ORERSIK

Several rainfall patterns in time series
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T — X OFFFFEICHEL S, ANN =T LOWNETIE, 10
DEBRO X A AAT v FTHE— L CitR s b, £z, K
V7 HEKEI 10 23R, KON 30 DRITE COT— X EHE
L7-BlE, A 7EENIET 56 B3 ) ORf % B &
LB THD, TNHDAIIT—H OEHRIZE, Tablel |2
IREND, FREEIZ 1530 D/ — FaT A h L, &E/s
J— R¥E LT20 2@ Uiz, HiE, HhE~0fxE
Bixk o> 74 FEEE AWz,

1
1+e~ay

f) = (a > 0), (M

ZIT, y=ZMtE, a= EEOEDHETH D, HIEIL,

10 730~ & 2 Witk & T O KBS Kt O /KAL (Ho (m])

BLO A XD b PRSI K~ IVA TR (Op
m’/s]) ®10 7 — K& Ui, % ANESE X (R, hp, Op),
MAEEEY (Hp,Qp) ELTEED, 3F3—E7 hr
BT NAVOHFHITONTE, U FOBRANE 2 bivd,

hy = (Tl Xiw; —6;) (1< <)), (2a)
Y = f(Zjo hjv —0,) (1< k < K), (2b)

ZIT, 1= ANED ) — N, J= PEED ) — N, K=
MO, — v, 6,0 = BfE, w= AJ@h»ohiiE
~OEHFERE, v = TEENS g~ E A Z B
¥THs (Fig.2), HHF—%DO—ElL, Table2 |IR&Eh
5o 728, ARWFEOXREIITIRE-Z2 DT, B & KAL
COMENS XA LT T EE A2 BFHRE THLDT, &
R HIEFRENT 2 BpRI% 2800 U7z, B, T —
ZDOHING T U H DN ONDTFT —Z 20 LT
EEE L, NI A—HERHFT L7200 I =Ny FRERN
AR EEZFIR U, AZEEON, KO KL &b
K ~FEAVAT R EO BT — 2 1%, BT — 2 N FE L
TWATOIZ N LHNZAER Sz A <> b & AV Cat
BS NI YEKEENTE T L DOIKAT - TR E Wiz, DIF
DOFEICHEM AR~ S,

2.3 BERENEMOERICKDIBRT—2DEE

B SR T— 2 1200 T, dkER R $TX9
RRERER (BLF, ZEREWVD) A X MIxF DKL
EALDOBEBFE R+ THLDT, A HIXIZHEA Sz
PeARfres v 2R L, ANN ©F L OHHIT —2 L2 %
ANIWe7 —4%ty N (BN&E, R 7HokE,, KA, it
&) ZERTO0ERH DL, T, YEKITET VO AT
T2 LD NTHRERT — X & LTz, BT 2
L AN A MR OBRIRRNE (REENE 73mm, 2z
HEE 02 FHEMNEET5) ZBMG L, ZOKNER
WxF U Sz KT — 2 A LTV 5, A HiX
D 1976 725 2015 4EF TO 40 FEMNC = DRI O T A
HFABENT — X D, AWML TG & U7 B R Sl 2 A
W9 D 02 FRERKENE, KOHEBEICEZ V5RO

Tablel AJJE/—F—%&

List of nodes in the input layer

%K W R B fir
R 2 WEIIRG, 1 EERAT, Bl mm/hr
Kz Y 30 43R, 20 43Af, 10 43 m
A B m
N7 HEKE 10 2R0, B m’/s

1) KRALED, BRROKRMOESZRSTZETH S,

Table2 g/ — K&

List of nodes in the output layer

A B AL
K f 10 57% 20 ﬁ?&; 30 7014, m
1 [, 2 el
— 10 57\?&, 20 ﬁ?&, 30 7014, s
1 [, 2 el
Table3 Tl —AD7ER
List of nodes in the input layer
P lojﬁ%iﬁ[;&ﬂﬁ %F/kﬁ?gi;;wk Ty
ez ) 3045, 2W5f#%  Figs.5,9,10
=22 2L 2 Refiif% Figs. 6, 11

L L T2 - 10 FERENRICOWNT, 22 10 #
PTOMMIEIE A2 2 TER LTz, 024 « 24F « 10 4EfE R
IR OHEEIZIE, Gumble /347 % IV, O REUE LA
IZE 0 HEE Uiz, BRIEEOER T, EEHO AR
RERARME (B, TRIE, BERIOAN) 2BE LA TS
TRV EIRICIE S IR A S5 HE (B)IS, 2014)
AR Uiz, BARMZIE, 1S (2014) OTFEICBWT,
AR B EREOFEMERER O 3 M BREREZ Zh T
NEESETEZ, TOMELZ 1 FFEREICORLL, A
FHBEME 24 2 7= NIRRT R 2 — > & 10> 4ERk L 72, 0.2
FERERIERT A R M I2HOWT, 10 O 1 -3 BRI R A
ERIA LIz, 703, 2 RN A~ b O RFEER I 3
HIEC 132mm ORI, 10 FERESRERRA X2 MX 3 B
T219mm OERETH 7=, T T, 3 DDORERERFA
¥ MZOWT, KfEEENEZEEIER2NESI23 Ao
F—HI  FE OB afEzBML, iM% < ORREE
DIE = THROT R E TR T D721, HALICHERS
BT b0 E 1 DDORZ— b Lz (Fig. 3 OS2
EBBOZ L), 201 DDRE— 83 O DORERERIEIY
Zearde 240 WR ORI 6HE U, BRI D H#E/EA D
G DEEITV, 2T 10 HO /¥ — 2 ORERSAMAIET
— B EWE LT, 81 S E— B B & e RN 4y
i, 5525510 /8% — VIR A S E 2B CTh D
(Fig. 3),

2.4 HKBRETIVIZL DK -REOHET—2 DEE
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AxIG X OPEKIENTET VI, BEX o 7ET0, 1
WIT/KEETE TV, Pk EliE ke 7 L0572 % (Fig. 4),
B2 v 7T I TRBICEHIHELEB L B
&7 L LTz (Fig. 4 O(a), B0 OWH g (m/s) 1%
WIS - U 72 HEK I~ B B &2 L 72 BT oK
Bo)D XA 7 4 AP ERA Lz, £, #iTiRE
XD HEER gy (m/s) bEERICE LT,

dhy,

P coR—q, —qu, (3a)
a = c.h?, (3b)
Qv = cyhy”?, (3¢)

ZIT, t= W (s), cp= BRRREOHENERIREL, ¢, = Tt
HARE (m'"%s), cp= HTFRB~OWRHRE (m"Ys), b, =
M5 > 7 KiE (m) THD, WOR@E)THRI N ENK

A X hTOKINENS, ¢, BEWey BRI LT,
YR =Xi(ci + Cu,i)hi_/iz: (4a)
2iQpi = ZicL,ihi_/iZAL,i’ (4b)

I, A = BSEE (m?) ThH, MEMKITKH LG
BHBANRIE LTS 728, THIRIREIS, ¢, cyld3BAeD
BEIDRETHDHN, BHIERA X2 S IEERY ©H
S, PEOREREIIMR T fEE AR L, —HD
it % Az,

B0 6 OWiH g, 1%, BESmEfEEZFE 72 2T, ROAS)
DO—RITEKKEE T MBI B OTARE LTEHEx
Too —IRTTAKBEET MBI HKEIER, KiKiE, KiEga
B, HUE RS e & DK EKFE LIS KON 2 B OF LS,
KR HIR DR EH I SR 72, R(S), R(6)EHERILL, 1
WA ETA R 21T o7, KO Tk s U, HE
IRBESGIE K e 7 L T &5 WK KN & 52 72,

a a 2 2
§+5j%§+%)—@ﬂg—y)=m (5)

A 3Q
E"‘a =q,A,/By, (6)

ZI2C, x= ik FAMOBERE (m), 1, = KEKRAR, [ = &
AR, 0= Fif (m's), A= W (m*), B= KEE (m),
B, = KK LT HEHORES (m), g= HANMEE (m/s?)
Th 5, PARBEETEKHE T VIZHEMAKI T Z 7 T
H L7,

Ap 52 = Q)= Qp, %)

Fig. 4 HKNrE7 1V () WIGZ > 7 €TV, (b) —IRIC
KEEET IV, (o) Bk kET L
Schematic diagrams for the runoff model, consisting of (a) the
field tank model, (b) the one-dimensional open-channel model,

and (c) the volume balance model for the pump station and the

pond
FERA~E REEFAA ~> F
TI— T2 FA TI—71
7 IV— 73 mE
s J\/\/\/\" B
BF
Fig. 5 k ZZ7EMEL O <1
Example of the k-fold cross-validation
FEEARVE IREER A ~> k
I —772 aaaage _7';11,¥ 71
5L —73 I ml |§
&z
J\/\/.\/\ =
KR
Fig. 6 10 fERERFERN A~ b (EMZ L—M) 258 L

IR B O k B AR O 44451
Example of the k-fold cross-validation with machine learning

data excluding the 10-year probability rainfall (gray covers)

ZIT, Ap= dkihEiE (m?) THD, AeB, Qpldilik
HDKAINE ZILENDR L 1B IT HEE) - (21D 7-D
OHBEMEMT- LT A0E L, #EEEEL 15
BRIIIENTNOR Y TORERED G252 7,
R 2.3 CHEEE L 72 10 OBENE Y — v @Y v 7
ETNASNODANMEE LTHEZ, —RTEKEETVERST
WEARMET ML 5T, il (Qp) BIOKM (hp) %G+
L1z, ZNHOEERYIT—Z 7% ANN T LOSEE DT
HOHIT — & Lin D,
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2.5 ANNETILFRIEEROBKEE

THER 2 FRGET 5 729012, k 2ZZ=MGEE (Geisser, 1993)
ERW, ZOFEIIERT — 5 % k HO 7 N—712 55
L, k-1 D7 N—T"THRANZHFL T, %5 1 {07 L —
T TEDHFEDT A HEFTV, ANN TF /LD 4% HFiE
TOHLDOTHD, AFFETIE, k=10 ZEAHL, 10{HD ¥
— DR & RV THIRBITET VA EITL, 56N
7~ THFEREAE 107 V—7 L UTER LT, B/ S & —
VKIS T ARERAEE 1 S —T7 L LT, FNENDOK
W/ — NS T D TN —T % 10 V)V —TF TESH
L7z, 10 MR ERREZEA L, 9Ho 7 Vv—"07—
Sy MERBEEFEICHERL, R0 1OV —T %K
FEFCAE Uiz, MGERICR D L O V—TDF —2 &
v NEEZRN D 10 B DK L, 22N ORI OB
%KD TRAKHNPE 2 KR 7= (Fig. 5), ABFZETIZD
DORGE T — A% r—A 1 &%, £72, ANNET/LVOFHR
ThHDH FEHL TRV LEDIETFRINTEX 22 & a2
D0, r—RA2 L L CHIEFERr— A RIET D
(Table 3), MERRET —& DN, 10 FERERERA X2 b &k
W T =2, TOT—X &RV TEHE S I g ETE
FNOFEFR KAL) % ANN TFLDANT—2 & LT
B %2177, 10 HD 7 L—FI12onWT, FHFER 10
FEMEREERR A X N & B AT PRI & T L OFE R & Lk

_____________________________ kBRI ET L |
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7L,
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Fig. 7

L7z (Fig. 6), 723, ML TH M- RR2E 3 & Bk 8 o
I AR 1E, 3R ) R AR 2 (RMSE) - FH% 27 (RE,
B BRIR, 2004) LHEAARED (B) A f S iz,

n v\
RMSE=J§5£%Jhlu (®)

[Vej=Vo,l
Vol ©))

E=05xY1(Vej = Vop)?, (10)

1
RE =; 5-":1

ZITC, n = RHEMAINMEOMEE, v, = B (g
X, HEKTET LV ORER), V. = FHEETH D, KR
T, PEREHTET L E ANN EF /LD 2 SDEF /L& F
ALIRRBRER S iz, ZHHETNOREDT =57
27— Fig. 7 2R &5,

3 # B

3.1 HOKFEMTEtERER

AL TIEL, ANLHRZERA RN b E2EFLT — Xy b
AT B 72012, A HUKIZ DU THER T L % F) 1)
L, KOL (Ho) Lifid (Qp) ZFHHE L7z, ZORHHERRE
BT — % L /72 L, ANN &7 VOIS & TR RO
FRAEAAT 9 T2 DICHIA Lic, BEKIBHTET L D2 Y P23
4% 7=, BRENEOYMICE LT, KB 5
FARLBLIE & 5 2 ik L 72 (Fig. 8). RMSE i 0.16m
LY, BUNMERE ORI B 5 BHIKA O R L E
OKBLD KA & Fe/IMEDZ) 12k L TR 16% Th o7z,
F 70, FXRE (REx100) 1, # 6% T o7, Fig. 812
RoD L5, (FEHISIEERA O FREK R 7 OB {E)
T, KO ETE) (2.0m (L) PHERTEX L, ZhUL, |1
B HOR T OIEER LAF A0 R RFICR AT DIRE T
H5, K RKERBETII2EER L TORBOZ A I IR
35 KR B IR E—2 282 5 %A 2 v 73—
B Lz, oTC, HEKMNTET VOFFER RG2S T
HHEERD, L, Wy T afE1k S8 5L D KA,
FHRAE & BUIME O R RA DB DS, 35T EOMEKRN (£
TIVTCH 2 T2 KAL) B STk & ORILEE L 5 2 B,
HEAMETIRT LTS, W FEIEOHE £ TIZZ A L
T IR D T2 DICEBROKMITAEANME D & 10em FaLE
BWMEECTIKFT5 B2,

W1 F — TR RSN 2 T 2450 - 10 4E[HE
RRENA X MEFDRERT — % (123 B NE RO
VERRIC K DRERNT — % OWGEE) 25D Z L) Z Pk
ETFNDANT—HIZ LT, KLEFHEEZFEL, o)
MOBREE R THKkBEEZSDETH 1L I V—T DT —
¥y bafER LIz, &618, F2—5H 103X —2FTD
9 DOBMEICBELTYH, KirbmEsitE L, H 2—H
10 7 v—7 O R, A7 PkE, KA, RO 9 @D
T—X ¥y NERR LTz,
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Table 4 ANN JKAZ T O FRRERS 5

Validation of the ANN prediction on water levels

1 1 %
s R%S/E\ (m) RMSE m rR1(\:1:)E rRI(\ioS)E RE(J%I)OO
at2ENE 300 awme 2 R
No.l 0.12 0.14 8.8 10.4 53
No.2 0.08 0.13 42 6.7 4.1
No3 0.12 0.12 49 4.8 4.1
No.4 0.08 0.12 40 6.2 37
No.5 0.11 0.17 10.7 15.7 45
No.6 0.13 021 3.1 5.0 47
No.7 0.09 0.13 5.1 7.9 42
No.8 0.22 0.23 211 22.1 8.8
No.9 0.11 0.14 24 3.1 4.1
No.10 0.09 021 6.1 14.3 45
- fiE 0.12 0.16 7.0 9.6 438

1) rRMSE = RMSE//K{\. O e KZE (L Ex100 (%)

Table 5 ANN ifi & il ORGERS R
Validation of the ANN prediction on discharges

RMSE RMSE  RMSE" RMSE" REx100
TN—7 (m'/s) (m’/s) (%) (%) (%)
3040tk 2 BERAfE 30 0tk 2 BERIRE 2 WERIHL
No.l 0.23 025 10.1 10.7 200
No.2 0.20 0.26 9.4 12.5 20.1
No.3 0.18 0.23 8.0 10.2 19.9
No.4 0.18 0.22 8.0 9.9 21.1
No.5 0.23 0.77 10.2 35.0 26.4
No.6 0.16 037 6.8 15.8 24.9
No.7 021 027 9.8 12.6 23.9
No.8 0.22 027 99 12.6 23.6
No.9 0.17 021 72 8.9 28.7
No.10 0.20 0.32 92 14.7 23.7
- fiE 0.20 0.32 8.9 14.3 23.8

1) rRMSE = RMSE/ifii & O fix KZE AL E:x100 (%)

3.2 ANN ETILOFRIFER

ANN FEF L O EIZHONT, 7 —2 1, K —2
2031000 Bl B CTHRIAREAM A U7z &k L7,
2L, BB THW LN BRI IHEK T T L0
WA TH 5D, WIT, k RZFEMFET ANN E7 L0 T
FER DY AN Lo, BUHIEERN 2 F RS2 — 2 1
NHHREENEH 1| I A—FDF—Z% v Mo T, 30
3tk & 2R IS U 72 KL B RER 2 <7 (Fig. 9) .
%1 T N—7 OO RIKM CLT, B — 27 KALE
VD) IZOWTIE, 30 B OIS X O 2 B o Tl
eI REVEE T — 2 ki z P T&, 22T
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Fig. 8 HEARRHT €710 HPEOFHN (= 7 LA,
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Validation of the numerical simulation by the unsteady runoff

model, compared with the observed data (line = simulation and

O = observation)
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Fig. 9 1 7V —7 BT DN - YoRIrE7 A0 5
OFER (EMFR) & ANN ET LD FRIFER (R
B DL (a) BEFIE, (b) 30 2D KAL T
R, (c) 2 R DR T-HIHER

Rainfall and water level (WL) in the first data group predicted

by the runoff model (thin line) and ANN model (bold line): (a)

rainfall, (b) WL in 30 min behind the present and (¢) WL in 2 hr

behind
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Rainfall and water level (WL) in the fourth data group
predicted by the runoff model (thin line) and ANN model (bold
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WL in 2 hr behind
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Rainfall and water level (WL) in the first data group predicted
by the runoff model (thin line) and ANN model (bold line,
during the 10-year probability rainfall): (a) rainfall, (b) WL in 2
hr behind the present without machine learning for the 10-year

probability rainfall
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Table A1 &R & & BEKAEATE 7 /L OfE T O R4

Characteristics of psudo rainfall data and outputs by the runoff model

0.2 FFFERAfESEA ~ 2 b

2 AERETRESRA <o b

10 FERERNIERA < B

R E—z v—Z K E—z E—z K E—z E—z

TN— g R KL iR Wik A2 KL it Wk o KL RS

(mm/hr) (m) (m3/s) (mm/hr) (m) (m3/s) (mm/hr) (m) (m3/s)
No.1 9.50 2.39 1.05 23.00 2.45 2.20 31.17 3.12 2.31
No.2 24.00 2.40 2.18 18.00 2.65 2.12 22.70 3.67 2.27
No.3 13.00 2.40 2.09 17.50 245 2.07 27.84 4.08 2.28
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No.9 15.50 2.40 2.02 38.00 2.74 225 42.02 6.13 2.36
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Prediction on Water Levels in a Wet Pond for a Drainage System
Using an Artificial Neural Network Model
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Abstract

Owing to global climate change, crop plantation-kind changes, and expensive costs on the operation for drainage-
facilities in low-land crop fields, the managers for the drainage facilities (e.g., pump stations) have to consider efficient
and flexible operations. Real-time numerical predictions on water level and flow at a monitoring point may contribute
to the optimized operation of the drainage system for flood controls. Our study performed the development of a real-
time prediction system on water level and discharge at a pumping station during heavy rainfall events using an artificial
neural network (ANN) model. The system was applied to an actual paddy field, whose area is 179 ha, including a
drainage pump that is connected to a river, and a pond that stabilizes water level. The rainfall events were provided by
the Japan Meteorological Agency. The ANN model requires numerous data sets, usually observed in the filed, but our
observed data were insufficient. Instead, we extended the rainfall data by including the artificial two-year and ten-year
probability rainfall events because of the creation of heavy rainfall-event data. We ran a runoff model to generate
discharges and water levels based on the artificial rainfall. The input data for the ANN model consisted of rainfall,
water levels, and discharges. The output consisted of water levels and discharges. After the ANN-model machine
learning, the model provided reasonable predictions of water levels within 10% error against the runoff model results
in 30 minutes and two hours using the k-fold cross validation. We performed a new test about shorter machine-learning
data, in which the 10-year probability rainfall event was excluded. The ANN-model prediction was approximately 10%

reduction at the maximum peak for two hours behind, compared with the original ANN-model prediction.

Key words: Artificial neural network model, Runoff model, Drainage facility, Low land, Water level prediction



