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Author Data Input Lead Test Model
(Date) (Train:Test) | variables time bed oders
regression-disaggreg
Jain & water use ation models
Ormshee 1982-1992 prec. week city in time series models
(2001) ’ (6:5) max. temp. Kentucky | expert system
per week models*
ANN models*
. water use 3 regression:
Bougadis et stnmer 1 prec city in leRil’Z’S.
A g<2005) 1993-2002 max témp week Canada 7 time series
N 91 per'week' analysis: ARIMA
3 ANN: ANN-1,2 3%
Gato et al 1990-2010 water use suburb in | time series model
(2007) v 10:11) prec. day East (base use + seasonal
temp. Doncaster | use)
ANNs
projection pursuit
water use regrgssiqn .
Herrera et al, | 2005.1-20054 |  temp, city in | Mmultivariate adaptive
(2010) (8:2) prec. hour Spain regression splines
wind speed random forests
SVR*
VR(Vector
auto-regression)*
Altunkaynak,
& Nigussie, 1992-2014 water use | month | Istanbul MSA-MLP(ANNS)
(2017)
city,
. Rafael = o011 11.-2016 . |industrial | Time series
enitez et al. water use minute ..
(2019) .09.19 area, decomposition + kNN
suburb
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#F 8 AdE 4

Average dimensionless irrigation, per month

Year Observed Logistic regression model SVM model
FAC1
2016 244 28.5 27.0
2017 191 22.5 21.8
2018 29.2 21.5 25.0
Mean 24.2 24.2 24.6
RMSE 10.0 7.9
FAC2
2016 20.8 23.0 22.8
2017 20.5 17.0 17.0
2018 259 23.0 24.8
Mean 224 21.0 215
RMSE 7.0 7.0
FAC3
2016 204 23.0 21.8
2017 14.0 20.8 20.3
2018 194 23.0 25.0
Mean 179 22.3 22.3
RMSE 5.0 59
FAC4
2016 22.5 23.3 22.5
2017 16.6 21.5 20.5
2018 21.1 25.0 25.3
Mean 20.0 23.3 22.8
RMSE 4.6 4.2
FAC5
2016 21.8 17.75 18.0
2017 17.2 17.5 173
2018 22.0 19 24.0
Mean 20.3 18.1 19.8
RMSE 7.3 39
FAC6
2016 19.0 18.0 22.0
2017 13.8 14.0 13.8
2018 19.6 16.3 22.5
Mean 174 16.1 194
RMSE 10.5 5.6
FAC7
2016 171 24.0 235
2017 114 16.0 15.3
2018 15.5 20.5 24.8
Mean 14.7 20.2 21.2
RMSE 9.0 8.9
FAC8
2016 19.6 20.0 22.0
2017 179 21.8 21.0
2018 22.9 21.5 22.8
Mean 20.1 21.1 21.9
RMSE 6.6 4.4

* RMSE : Root Mean Squared Error
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Irricati Development of a prediction model for the occurrence of irrigation using SVM
rrigation model

Development of a prediction model for the amount of irrigation using hybrid model

r Derivation of seasonality from training data using time series decomposition
— Derivation of regression model of residuals from training data only in irrigation

’ Prediction of the occurrence of irrigation ‘

No
Irrigation amount = 0 l Yes

‘ Prediction of the amount of irrigation ‘

I

Irrigation amount = X
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o AAGEANEFH e A dutHow A F(trend), AlH A (seasonality), %
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o SVMS] ui7/l¥4e] HA g dape= Ao wet Epsilone 0.01, kernel scale2 1x10 M
~1.5x10 7] HYol A e e™, o 2] ¢ margin Aol trade-off k¢l CE 550~
50,0002 Hj oAl YER,

o T3 ShFdlojEef] AgH o2 ATt =2 PAS ov|st= 4 (overfitting) S

= £
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From To Train Test Ave. SD Skew. kurt. Cv

-1 2002 2017 4745 1095 756,232 96,059 011 269 007
-2 2002 2017 4745 1095 2922 9% -016 225 032
-3 2002 2017 4745 1095 32603 5301 -038 293 016
I-4 2002 2017 2190 1095 13196 1,293 -019 307 010

o MAE #to] 4-¢ A AE=E grR7F 2A g} vlurt oo ¢ B2 #53ke] HA o R e
WA o R FEstete] ARG =, B AAEE oY eaES e AEeE F2
d9lS oJu3ly 0.2 o3/t AL oA A EE= 0~1 AFel9] gte 7HAY 19 7=

Wb o2 0.8 o4l A (De Jager, 1994; Barioni et

o Z|ASts Rl A AYRNNED T sl LSTM# A
bt RE(TDSVM) 9] 1Y o5 A& vlagk A3
(% 11), TDSVMo] 7} A3te Aoz et on AxEWMEH A, 43040 40

o RE A4o| sl AZkS 08 o402 et s a4 A5 oS 4% 2wl
Ao H7 M, A7 Re)] AADNE W DA E0A)F BEA R 08602
ebd

© Ao A Zdg TDSVM 2R oA A% 7]|Fo2 LSTM EdHT 6 %, SVM
walnct 2 % ANEI} A ew, 1963 Z¢ wadw JEs} FAReA vebyd
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Lead . MAE (%) IoA

tme AN Tro SVM TDSVM LSTM  SVM  TDSVM
1 3.32 2.81 2.56 0.88 0.92 0.94

o -2 631 581 5.30 0.78 081 0.83
-3 627 531 419 0.65 0.77 0.84
-4 452 443 435 0.80 0.85 0.83

19 o= Axte} wpzizkx]| 2 TDSVM Rdo] 71 Agte 2 o2 velys, TDSVM
2y dubE o 2 JoA 0.8 o4 MAE 20 % ©|3t= Ha% Td7] oo {43 slow
Kol w3l (oA 2gd R o =7 7ko] =71 uw) A=} 0~13 % A

F oSl lojd TDSVMERELE AJAE ZafA] LOESS 7I¥& ©]-8-3fo
@) A gtk Aol AlgEel gt =

3 aLe}r
OE 5 R nla) TV dSol A em Fed Aow gk,

SVM Hek LSTMe] 2dl & f2]3k Aoz veh=d o] SVM]
Zholl i3 ael7) gled bhe) LSTMS Alo|ES 238 A= J&Ezks 7]

1
T A 5 7] Wl ez Bel

Lead MAE (%) IoA
Facility
time LSTM SVM TDSVM LSTM SVM TDSVM
I-1 4.80 4.60 3.71 0.6592 0.6890 0.8521
= -2 8.96 8.84 6.57 06175 05699  0.8309
I-3 6.92 6.71 4.75 0.5966 0.5548 0.7317
-4 6.58 6.41 534 0.5679 0.5482 0.8000
I-1 5.64 5.24 3.71 0.4608 0.4651 0.8513
- -2 9.86 10.36 6.57 04827  0.3399  0.8303
I-3 7.15 7.55 4.75 04152  0.4068  0.7294
-4 7.03 6.87 5.34 0.3847  0.3096  0.8000
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- LSTM 282 Aol we} A (state) S F21 = A= vz ol Acell) Ao
otz ¥ro 2 dlolg e ol sS 4dsl= Al 719 ACER F4: dEAle] E(input gate,
i,), W2 Aol E(forget gate, f,) Z12]1l =¥ Alo] E(output gate, o,)

(A =o(W » [ht—17xt]+bi)

Jr=0(W, « [h,_x,]+0b,)

o,=a(W, o [h,_,z,]+0b,)

o

o7IA, o= AlARolE B E YEHH, W GAACES THEA, b

o GRU(Gated Recurrent Units) = &
- Cho et al.(2014) ol 9J3le] A7HE o™, LSTM 2d 3} FAFS AoE /MdS =83
T3 AL 3 FF
- GRU 232 F 79 Alo]EE o] g3l & Aty 2H7+e] Alo|E= AAACE
(update gate, u,)9} Z7]13}Al0] E(reset gate, r,)%2 T4 (LY 27)
- Al EE AL A AH e dAle] A AH T o= Fel ¥ TteAE
AgsH, 270l EE Fal IA Al A AHE N2 dA Ald] &8 R Al

Akt £FAY A

b

g

u, =oa(W, « [C_,x,]+b,)

u

T =a(W » [Qﬁ—l’xt] +b’r>

T

o71M, o= AR = A%, W= BAAICIES] TFEA, ¢ 2 HA AlAel A
S, 2= @A AR AE g b, = ANl ES] HRES o], w9 b= THe A B
AFS YeblaL, r= 27I3AC1E &, w3t 0,2 2713} Al0lES 7k 2 HEFS
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19 27. GRU 2% 4% (Cho et al, 2014)

il

(Ruxton, 2006).
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Pearson Correlation Coefficient
O =10 O =20

* PCC
*x Weight :
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Procey, ottt Observed Outflow (O, . m /day)

H
~ 2017d)E <5 dlo]El(training data set) = ARl om, 1W7He] AFE(201843)E 7}

to] €] (test data set)= A A
oA Fo A= g R S5
GRU 28 o] 9l o8l <afol] thdte] Wit e FA8 53] 7F o= el =%31 uf

Awsel A4 g A gt 3
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o 7t =g el A FPsd AR E LA 7 A NE RS
¥ 140 Feleiglon, 7 A 0ulel WA S Felo] Al RIANE wEHAR
by

3% 14. LSTM, GRU & SVR 23 W17 % &4 =7 (= 32 3

ol A = 3 2 AAAE
Hidden Layer 1%,3,5,10,20
Learning Rate 0.005,0.01%,0.02,0.05,0.1
LSTM GRU
Sequence Length 1%,2,3,5,10
Iterations 10,100",1000,5000,10,000 Standard deviati
C 1, 3%, 5, 10, 100 on (Uncertainty)
epsilon 0.01,0.05,0.17,05,1.0
SVR
kernel linear, poly, rbf’, sigmoid
tolerance 0.0000001,0.00001,0.001%,0.1

o ¥ 159 o] WZE B4 A 2 Aol A o= wyu AFe Aap A4l e LSTM

&9 -9 Hidden Layer 7§+ 107}, Learning Rate 0.05, 8H&-#AF 315 1000, A @2~

Coefficient 1.0, Epsilon 0.10, Kernel-=
16).

315 10004,

radial basis function, Tolerance
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¥ 15. LSTM¥ GRU9] Slx}el] st Wiz= o}
Uncertainty (m%/day)
Parameter Value LSTM GRU
1 1858.29 1842.39
3 1539.92 1368.80
Hidden Layer 5 1444.92 1405.67
10" 1385.71 1362.85
20 1424.09 1357.50
0.005 1956.74 2195.74
0.01 1858.29 1842.39
Learning Rate 0.02 1507.38 1714.72
0.05" 1348.23 1366.06
0.10™ 1622.78 1350.09
1 1858.29 1842.39
i 1503.39 1509.37
Sequence Length 3 1520.32 1641.64
5 1785.88 1857.33
10 1880.99 1915.30
10 2274.08 2280.95
100 1858.29 1842.39
Iterations 1000™* 1297.30 1293.21
5000 1311.20 1315.21
10000 1301.32 1303.72

*. Optimal value for outflow forecasting model(LSTM)

xx. Optimal value for outflow forecasting model(GRU)

g

16. MIzt= #4243 29 (SVR)

Parameter Value Uncertainty (m®/day)
1" 1283.56
3 1286.85
Coefficient 5 1303.10
10 1345.39
100 1681.27
0.01 1342.43
0.05 1322.31
Epsilon 0.10° 1286.85
0.50 2279.90
1.00 2279.90
linear 1287.85
polynomial 1526.09
Kernel rbf” 1286.85
sigmoid 2399.2
0.0000001 1287.75
Tolerance 0.0000*1 1287.74
0.001 1286.85
0.1 1402.75

*. Optimal value for outflow forecasting model(SVR)
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SVR 8L 3% AHe AF s8] w2k sk RMSEZF 2H2F 1,425, 89, 158
m?*/day, NSE7} 061, 054, 0412 el

LSTM 28L& RMSEZ} 7+2} 830, 39, 93 m®/day, NSE7} 0.87, 091, 0.80% YE}.

m®/day, NSE7} 0.88, 0.92, 0.85= "

LSTM¥} GRU 2382 ¢ 27} SVR 8ol H|alo] zH& 9lol o 2= upE ko] x| Al w4

] Hom(1d 28 a1,
ofF-o HaPAZLS 1T FF dF ATt "Wold Ao w fAetE =t LSTM¥} GRU
wgol A9 27 Ao|E(LSTMS 7% input, forget, output, GRU2 7%, reset,

update) & Fate] AA2E BEHOE JeZ 5 QY] WiEe] REe] gio] ol
Aow Wi

%% GRU o] LSTM 29 wr} oS4 Fwr} 22 4o GRU 23< 2/
o=t EASA %] Wil HAY e gholw FFS WA ML EF B AT A
FHE 4 A5 7 A7) Hiel e AR Fol A% se] 7Fsd GRU 289

A=A =7l LSTM R Bt $=3tttal #H(Chung et al., 2014; Jozefowicz et al.,
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(e}
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28000 28000 28000
S - F [ STP: Hwado station
STP: Hwado station , r N ) !
RMSE: 1425 mday s, r [ RVSE: 804 m'day
SE: 0.61 - o
26000 - R 0.6 26000 |- 26000 |-
24000 24000 = 24000 [
A 0k s F
H 3 3
2 om0 |- <3 =
2z Oven 2 20m 2 2
z z F z F
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£ 2000 |- i £ 20000 |- g 2000 |-
S ! ] F S r
3 T F R
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, E RS
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E o < e ! E . o ’
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5 3 Fro H
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2% I
800 ’ s f
’ s /
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30000
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W g Age] A BXFHE )] Xﬂ% A4 (chjfsquared test)= &3kl A7 ’3}9?\9—”%,
=
=

=

r(z) = a;sin(ayz) +azcos (a,x)

A7|1A, r(z)E #5 % FEEE Atol9] A (residual)olil, a, ~a, &= 5 Fh
1.0 0.6
; Normal Distribution
0S Q= NO?"-“R(Q) +Q Residual
0.8 [ Windowsizefizing & shifting 1 04
o ) I
=] l Window si
— I In4ow s1ze
E 0.7 H f ! - increasing 1 02
|
2 o6 b [N , ] ‘ -
a - I - =
= 05 [ I UL A 1 0.0 %
2 ! | I ! J) \ Dec é
= 04 fJan : | 1
g I Tul Nov 1 02
g 03 F Mat Ko I
e May
0.2 F Jun
B Oct { .04
0.1 F Sep
0‘0 L L L L L L L L L -'0,6

0.0 0.1 0.2 03 04 05 0.6 07 08 0.9 1.0
Normalized Time

a9 31 AAIE A5 WsAd BEXETA oA
o W-gAd Ao A5, ST W AEE ol &ste] F 5719 3 H (Weibull, Gumbel,
Normal, GEV, Gamma)S #AEsIG o, 7z E¥xd o3+ # 199 Ay

= i A BTRE Fe7k RMSE gtel 7Pg H a2 o, p-value 7ol 0.05
urh EBE ol 34 ge BAE deht B ATAE WSy Jros JTRES
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p—value

~0.00
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RMSE (m®/day)
889.26
819.43

Case
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V-(2)

0.72% Yebd
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323 AlHER R U AJAEE oS AgE
Accuracy Sensitivity Specifity
84.9% 87.2% 81.5%
86.9% 92.3% 81.7%
81.0% 100.0% 66.7%
Irrigation 83.6% 92.3% 72.1%
facilities 90.1% 90.7% 89.3%
88.0% 94.4% 77.4%
77.4% 94.2% 66.7%
86.1% 98.6% 71.4%
83.0% 94.4% 69.8%
Standardized MAE
4.4%
Residential 52%
facilities 2.5%
4.1%
4.3%
Standardized MAE
3.2%
Wastewater 3.4%
o 6.1%
facilities 399
4.4%
9.2%

[e) O~
0] =ET=

o

a2 Agelstslon, ol

e gelA Q9 S o F grom thAlste] J1Ee] 7S ALgEHE WA A
gage] ANAEES AESTA G o W, o3 A WAHE T4 AR 1ol

Y e dF el 110 %2 LA

% 38014 AAF viel 2ol o] 8 E & AR A% wUEFE LE AMA °F 187 %
AEe] e o] §EES e, o F BAYS BH ANE B Yol Bt
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23 5 ACIA) y=0.995z —0.197 0.954
253 FE5A(ILFEA]) y=1.1202 — 0.345 0.481
23 5 A5 A]) y=0.760x — 0.056 0.915
Az g8 57 y=1.093z — 0.290 0.974
1411 @ High velocity Y1 m Velocity
(Vm=1.120 Vi- 0.345) Vm = 1.093 Vi - 0.290
124 Low velocity ' 124 (vm : )
Q) (Vm=0.759 Vi- 0.056 ) 0
€ 1.0 1 € 1.0 A1
2 =
5 081 5 081
g g
Z 0.6 1 Z 0.6
3 3
= 04 A = 04
0.2 1 0.2
0.0 ; ; ; ; ; ; ; 0.0 : : . . ; . .
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Index velocity(m/s) Index velocity(m/s)
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22 |gWA |29 | HFes
e A RRH | SR BE A (m/s) (m/s)
(m) | (m*) | (m’/s) (m/s)
2ey | AASy | 2ewy | Ay
2017-02-10 11:00 | 0.29 3.27 1.20 0.367 0.573 - 0.379 -
2017-03-10 09:10 | 0.32 | 3.66 1.63 0.445 0.668 - 0.451 -
2017-06-10 09:50 | 0.71 8.72 8.40 0.963 1.205 - 1.004 -
2017-08-01 15:00 | 0.62 7.55 5.99 0.793 1.121 - 0.910 -
2017-10-20 10:40 | 0.33 3.79 1.14 0.301 0.479 - 0.307 -
2017-11-10 09:00 | 0.34 3.92 1.34 0.342 0.534 - 0.349 -
2018-02-08 12:50 | 0.26 2.88 1.11 0.385 0.597 - 0.397 -
2018-04-23 16:00 | 0.50 6.00 5.46 0.910 1.093 - 0.879 -
2018-08-02 06:20 | 0.80 9.89 9.75 0.986 1.245 - 1.049 -
2018-10-25 13:50 | 0.29 3.27 1.24 0.379 0.582 - 0.385 -
2018-12-20 10:00 | 052 6.26 5.51 0.880 1.161 - 0.955 -
2019-03-13 11:00 | 0.37 431 2.15 0.499 0.748 - 0.511 -
2019-06-20 13:50 | 0.80 9.89 12.04 1.217 1.287 1.343 1.096 1.178
2019-06-26 10:30 | 0.83 | 10.28 11.98 1.165 1.258 1.329 1.064 1.163
2019-07-03 15:10 | 0.72 8.85 8.57 0.968 1.062 1.139 0.844 0.955
2019-07-24 13:40 | 0.69 8.46 8.35 0.987 1.263 1.206 1.069 1.028
2019-09-25 08:50 | 0.34 3.92 1.79 0.457 0.651 0.760 0.438 0.541
2020-04-16 17:30 | 0.27 3.01 1.30 0.432 0.589 0.597 0.391 0.373
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