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Abstract

Along with the changes over time, the urbanization of Taoyuan in Taiwan has progressed rapidly while
the population growth and industrial development has led to a significant increase in the water demands
in this area. Therefore, the water regulation of the Shimen Reservoir in Taoyuan is a critical issue, espe-
cially for drought periods. In response to increasing water demands and hydrological uncertainties, this
study aims to build an intelligent water allocation system in order to suitably make water regulation
with a flexible transfer of water from irrigation sectors to industrial and municipal sectors for reducing
the water pressure in public sectors during drought periods. According to the analysis on the historical
data collected from agricultural and industrial sectors as well as population statistics in Taoyuan during
2005 and 2014, this study first simulates the future water demands for the period of 2015 and 2030 in
Taoyuan. We next design nine water supply scenarios in response to the possible drought periods in the
future based on the ten-day inflow data collected from the Shimen Reservoir in three drought years and
three initial storage capacities of the reservoir for these drought years. According to the simulation re-
sults of future water demand and supply, we analyze the water shortage conditions during 2015 and
2030 by using M-5 rule curves and the non-dominated sorting genetic algorithm-II (NSGA-II). In search of
the minimal modified shortage index (MSI) and the maximal ratio of effective reservoir storage capacity
(RRS), the results indicate that the largest improvement rates of the MSI and the averaged effective re-
servoir storage capacity ratio for ten-day periods can reach as high as 31.3% and 9.8%, respectively. We
hope that the proposed intelligent water allocation system will pave the way to future research for sus-
taining water resources management.
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PEERARKZE, EEMEBXSTARRBRE, BTFAQDPK. TRLVRBEEDSEE, R4E. TIAK
TRk HZRWmM. Hit, ETRERENEET, SERXERTIKERKEERERIANERREE. mxH S8
FI KRR AKAKSCAFENE, AHANRESREKBREERS, BT TR0 E S BB K
R4, TV RAFR, BIEAILHKE S .. XFE842005~20144FE Rk FH X R TP R A O R BESIE,
ZEit R TR HEAT R K2015~2030FE kA X TRAKIES, 3551977, 1984, 20025FEETREZ ATTK
FEERINREFKEVIEE BER50%- 40%- 30%EERE, SILEEMRRTREMAKTEREA, BHAATIK
FERAEFL N (M-5EAE MRV AR ERE, HiEd I HE B H -1 (NSGA-INE IF B K KFE R
EHKE (RRS) K B/MIMBIEF/K IR (MS)ZEFH AN B A5; FEIINSGA-NE T, BIEF/KIEIRMS)TEKCHEE
KRB EIL31.3% M EER, FHENSKERFLZ.8%MNHEER. RITMEFRRBZEHREEKRFESHRA
GLREXT AR RK /KR IRE B A B B

XA
KBFEERE, HH, EXEHFRERE-I(NSGA-I), REHIER, £ HIRKERE

1. 531§

BEHE AR, NDEAK. Tk s, R4, T HKFERB R8I, 25015 K 3% 5 P 4
LTSS T K EMIR T 550 b, KA 0N LA TR, UBLsett S 4E e A
P, WERAR H R TR EGE K BHIR R GUAT N IIHL S 53R 1%, h 26 [F PR 44 B T o 5 B 24 5t (1) Jay W. Forrester - 1950
ERLGE T RS 718 (System Theory). #4718 (Cybernetics). {5 B i (Information Theory). ¢ 3i(Decision
Theory) P K v1 S ML/ H.(Computer Simulation) T & J& K [1] . S8 T, R Gi 5 JJ B8 BRI B H K B IR 75 3R 2 AR 4K,
B B S Hx 2 UL RGNS 4, A il 2% /K B AR 24, xf A & RUZ AR K MPkiR . iR 2
HbsRALT7 %, ndESCRCHE Y 8% -1 (NSGA-I),  RIRk RGN IR 2 A2, NSGAIN i i ik /R SCH A%
Wt K FARTRIR AR A JE A, 8 T S K B bR PR, IR IUK BRI TR Tk &

B HE AR RZ) 2510 mm, AHFCFEIMER 2.6 5, B TWERHMX, SR, T RN a4
A IR AR, i K PEVARR Ih) 8 H 2™ B S e, 3 BOK IR AR R TETHUKIEIT R A S
MELTE, 7T IAE /KRR LBt S RGN, KRR RN R i BACHE M Seng 2 1 OBkl Hh X & ik
RIERHE, % EEHKFREZEM, FEETREREMEL T, AITKERKEERSZ 1 ANERKERE, A6
Fu A 2005~2014 FE[A) ) AT . N RO S, & R4ish ik, HERTARSK 2015~2030 4K Bk
HOIX T K8, P DA S ICHE PP A 92e- 1| 3 R RE e P 7 1 8 s S R ARV K E b, RS e s ]
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KR BT 5 BOK BT SR T K R 1) R 2 e 2%
2. EKEm

IKERRTFEE LURRIRKAL, ZUR FORRCHE K RE J1, By KRR R AL Bt R B R Thag. /K 1)
BIEHE, AF T SRR, SRKERES AR50 BN RIS . Ao e 7 R 2K
WK s FI R AE AR e, AN TR FH K H AR 5K SO Z AN RN HIIT « MEZKPE 75 7K H b e 2R BRE IR 7K
SCHRAHIR, MR TERL G, 25 B R AR Ak B AR R RS T 7K B U FH R I B R i R RS, X6 7K
I RAE L R

Chang L. C.55 Chang F. J. (2009)%H NSGA-II #4741 T 13558 K FE 2 2 H bR oK #AE,  mT (R I48 5t [F]
AT B AR P 7K 2 AR 7K DX 3l 7K 3R R A5 JE 38 S [ 2]« Kaini P, Arrtita K. 5 Nicklow J. W. (2012) L SWAT K GA
4 F LMK TAYEY) 2 B/ N RA LA R FEARAR 7740 55 H FR[3]. Chang Li-Chiu &% A\ (2010) LA 5 3630 & /E 9 FR
M, ELET R E, 18 AR PR AR W, 18 T KR AR ORI 26 [4] . 35 SCBU% A
KPR (2008) £ S AK FE TR P P TR, DARIL BRI, 3B RS SR T IR PRI 23,
oA P O BEAR A i [5] . Han Jing-Cheng % A (2012) 1% i ASOM R i AR 2 M R, 14T A2 25 Bk Tk L FL AR
KPERACERAE, AR, TR ER RN, Bn] A 280 2 4K #:4E H45[6]. Vedula S.55 Kumar D. N.
(1996) 45 & 2t K BN FIRIB, K EFLR . N BWESHEFE AT, K EBUKECE7].
Rani D.5 Moreira M. M. (2010)%1 X} 7K FEERAE LAk ) i, beis 22 A =1l (1) 22 5%, L rp g A 55 ORI 3L ie
AN LS, FARTT & TR RN F 2 45 5 [8]. Mehta R.5 Jain S. K. (2009)4% &R0 FE 16 DL Je R 2%, 7
B W AR K RO R, A R AR K T A R 1K % [9]. Ghumman A. R.%5 A (2010)iz H
CBIO % CanalMan, i B A RS, I RIAEAEY) KA T R I 16 Ko 8 1 15 5t &2 42 [10]. Singh A
(2014)LAZE M FEZ T ShASRIR DA S BAL SVEVE N 5, DAARMP RS i KAk R KT FER /NS B bR, RS b
T[] 22 BEAEE, IR T I B o = O P 7K 3 DL R R S s [ 11]

3. MRXHE

F T IR BERL T RPUE i, J8 IR AT, Hov—3lm 133.1 AR AL, K EEA/KINAR 763.4 77 A H,
WiKbREr 245 AR, RoKAidrmE 195 AR, WAEAEBFEEL 2 LT AR, N—2 HboKRI TR, BAREB.
RHEL ALK Bt SRR, wHAbER X R . TR . ANRAFAKTFIRE. KRR 1
S, Y EARTTIR. BRI X ONHGET BBk FE B KL IX, AT 1K TR DGR B, KBRS WA 1R,
T A T DKEROKERAE, SlmAal] PEL BE. KEABCHEEEKT, HR R AKX, Bk X R K
DIATT PEEL RIE. KFEEK AE, K KR ESCRERECH .

3.1. AKEKIIBEES

FTTKEEDIFERCER A 2 i, HEWES, AYGEE MR T RRKER QWAL T AR —FR, A
I RNV ERACRAE F R IIHLR LT, SO FEI%E 72 W16 22 25 N K FE 2R 2 50%- 40%- 30%43 7 i A 2015~2030
ER e TR 58, IR HE 2 B EBK RS =AES, 1977, 1984, 2002 2 A N EAE AT 5
BEE 2015~2030 “FR] Bg R AE 2 KU I
4, Bip &
4.1. EXEHIFEERE X

FET 2 BRGNS T b, JESCICHR 8L HE(NSGA) & — M I T s %, EA T RE MR
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Figure 1. Water allocation system of Dahan River basin
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Figure 2. Hydrological circumstance analysis of Shimen Reservoir

2. AIVKEEREKRIES I

(1]

DR (B < |

7

(

Fe R Z R SR DL T B A IE R 0 E S BSEORL, TARSCRCHR AR B 1 (NSGA-INIEGE T EIR A

i, ARHESZZHNBOE, MHHFFVES SRSk 1077 A8 T 2 B bric

TR AR ST ECHE R AL B 1 (NSGA-I) B IR, 1l 3 fik:

1) BERWIAAIL: BUEE 2 A s (0] S IR, P ERIIRARAE & /N N IRER, JREET AR & 1 B ind &

BEHEL
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1) BRI S EE — AR (Parents), HEATACHD . RARSFIZH G P EMER & R/ N 1S —ARF4X(Offsprings)..

) K28 —ARIsER S FARE IR/ 2N (A2t (Mating pool)4E4, FF44 UG & AT HE SR HE T
BHRES 7 N ESZ 2 2% (Non-dominating Level), 37T [7]—25 2% i g )3k — 25+ S IR 5

IV) B AT AR SRR HE Y S5 1 A2 BT i 4R A 4 R IR SCIC HE 7 00 55 2 DL R 30 % PR 9 30 AT 10 % 5 4 3k PR R 1
(Crowed tournament selection operator) PEAlti A2 L ith 82 & AR — AN AR 55, IR FEAT N ANELAE 9 28 AR
R,

V) B a R AT A, WIS H AW, BNEE DR I~V B2 247 %A .

4.2. REHNEF

SEHR T RE R 2 K GRS PR 56 ) s A5 1k H A % e, 4n b R R AR SE ity s DK el i3, R
N ENAS T, TSRS [ RS 5 98 R I TRV RE S S A RN ) 2 2808, T 2R 8 50 70 2 IR 0 P T oK e, 4
GRS AN EIE/ N A Ay AT

RGeS A b AR [12]:

1) FE(Level): S(FxJy Stock, BLSLE O HBEH I IR AT RN &, 2 hRANRE SRR EEST
— B[]y R T T

1) & (Rate): FCRHAALNE A RIE, €2 EEIERE RN 1.

) A (auxiliary): ARERKFESHAL, HOARER M.

RGN 11 5K 4 B

RS H FERIAEHE |«
Eh o g . SN
H_% < ﬁm’gﬁ'ﬁ
F(x) l
*IFLECHEE
B b5
Y
, N No v
ERBOER » BEREREE
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PR E
Figure 3. Calculus processes of NSGA-11
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Figure 4. Architecture of system dynamic model
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4.3. IKEEARIBRME

ATVKPEERIEZ M-6 B, il 5 Frs, JiRAIEKLLRENSH, FkE T RELR 00 E s .
SRTTAR Y B AR LIS AE AT HOTBOK S5 R, AR R RAETT %, H T KNS LA L, HOARTT 7T AR SR HE
PRt 5A-11 (NSGA-I), FIFIEM A K Z B Rsfrt, 18 SRS 2B BOKIT ]33, DUt T+ 52
K B iRs A B B

BRI B IE e 22 P 5 RE AU s R

0<WS, WS, (4-1)

WS,,, = max (0, (Res_supply, —Release, )) (4-2)
Res_supply, = max (0, WS, +inflow, —eco_flow) (4-3)
Release, = supply_agri, +supply_pub, (4-4)

RE-D)FERKES t (IHEMEKE WS, AHET 0, HAEETRERKEMEKEWS,, (20,969.17
FSLTT AR, FRRE 2 ok 2 K& B R 2 R 30(4-2)F1(4-3) 73 AR R K E SR t+ 1 A FEZE WS, BLAOK
FES t FIIEIK & Res_supply, AT N@4-4)FRRKES t HJLE Release, N t ALK E
supply_agri, A2 58 t A) A 3Lt 7K & supply_pub, 2 #1.

HbreR g, PR S W R BTk -

1) HbxeR%

. [(100&(s, Y ]
min(MSI) = mm{wé[aj J (4-5)
18( WS, _
max (RRS) = max[ﬁtzll(wsmax D (4-6)

N(@4-5)F R Bir— NI IEBUKIEFR(MSI) i /ME, S N5 t B BRKE, DR t AR FRKE, NN
36 f1); (4-6)%7n HAr N I B AP HME KR (RRS) i ANME, WS A t HjAMEKE, WS, AERKE
RNAHREKE, ABFFRREN 20,969.17 JiaLTT AR

2) b

KW S%E M5 M KR TR, 1EVREBHKITIrdndE, /KA BE K EACT G TR, ) dAR
TR ALK FT 42, T AAEIL 36 41, HEULH oK KA R .

BRI 5E t AIUKEE A AE K EART M5 E T RRES, TEE t A)REBE AL K & supply_agri, AL 28 ¢ F)4T
PR X ik e, VU F7E 0~1 2 [8], M 26 t A) A Ltk & supply_pub, U 58 423 & 12 ) 22 3 75 7K & Demand_pub, ,
W (4-7. 4-8)fi7s:

supply_agri, = Demand_agri, * X, (4-7)
supply_pub, = Demand_pub, (4-8)

KBS t WA MEKENCT M5 L™ E FR, B ALK& supply_agri, ORI )28 t FU4T
PrR XMk e, HIGHITE 0~1 208, 234tk E supply_pub, M4 53k A 55 7K & Demand_pub, f7/\47, a0
K (4-9. 4-10)fin:

supply_agri, = Demand_agri, * X, (4-9)
supply_pub, = Demand_pub, *0.8 (4-10)
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Figure 5. M-5 operation rule curves

5. M-5 #2{E#M &

4.4, BEEMEX 2015~2030 EEK ISR
4.4.1. BEEHX 2015~2030 FER N E 7K g =1L

A S B 5 KRN BT € Z KB C H 2 b 28 DY 55 B EAS 15 9 e A 0 Mk A A A s Ak
M KBNS 2 B0k, HERG A 2 4-11) R

o HEBETERR (D) § 24(/ 1) ) 100
HEHKEQ = T KT 1006 I )
(//_\\tﬁ/@"'jﬁ{/_\\}i') (/J\Eq‘) (%)

FIHR(4-11), @2 KT KRB W 6 Fros.
4.4.2. BEEMX 2015~2030 £ R4 B Tl STk 15 E L

16 TV KBS R, A7 5% L5 3K BT € 2 T K HERG A A R 2 R 7, tnal(4-12)
FiR:

Tl A 7K = B AR 7K < Tl i AR < A TAF H 4L (4-12)
FERAE TR, AR TS KB K GRS R AR &, P KRG & Ui 50 (4-13) s :
ENiVIS T EPNEE S IVE SEFYN AN E LU (4-13)

AT TEE FE A T AL T AR A RE R, R b AR R AR L i il NI Ay, JFiEE A (4-12.0 4-13)%
SLRAEB T FRSEME, Wl 7 fros. EFKSIESHAA, RS IB0E 28L& 1R,

5. Z&RMite
5.1. HEEIMX 2015~2030 LE R IE/KIEILE R

MR A TT7KEE 2009~2013 ATt RIFK BRI TH 45 5, ROV HIKEFEAT 4129 THIYTT AR, TIBRAE
FIKGELT 4 1T AR, Bt EERKEREL 8 12 9 TIN AR HRIEAMF 7T sh 745 U 45 31
2015~2030 F AV Fi AKHEAN L) 4 12 4 FFiSr i AR, i 8 B, 2015~2030 4 Tk B RAE TR KIS Z) 4 128
T 6 BT AR, WK 9 Fiw, il 9122 F 6 B/ liAR.
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Figure 6. Dynamic model of agricultural water demand in Taoyuan
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Figure 7. Dynamic model of industrial and residential water demand in Taoyuan
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5.2. IKEEMRMELRELR

IRHFFESLF M5 2R K S B HE 8 B 11 (NSGA-N) 4 Mg L p R, A F5 4R 5445 (1977, 1984,
2002) 2 7K FE R NI LA B AN [ L 31 (30%- 40% . 50%) -2 WI4A FE 284 N i e I B b AT AR A0, 3 e A =i
SRR HHMTAH AL, W7 2 FioR.

50000
tir 45000
e,
f;’ 40000 AR (S
1»4
i 35000

30000

2009-20134-F33 A X e £72015-20304F

Figure 9. Comparison of mean (2009-2013) & output (2015-2030) of industrial and residential water demand
[E 9. [H£E(2009~2013)&IE R HEST(2015~2030) Tl B R4+ Esk B LLEE

Table 1. Parameters of dynamic model in Taoyuan

7 1 e X FRSSEX S IR

i H ZHUE i H ZHE
IR REBE T AN 32,498 /AL G ERRAT A 3786 A bl
W 1450 (A B T7 K1) FETAERH 276 K
4 H 7K J8] 20 /i BRI H KR 0.02234 J3 5775 KA
KA 2R A 15% Tolk i f K 2 0.6%
T AR > F 0.55% BATHAR T A 122 NI
ILGUNBE 21075 SAEGHMHKE 260 A7HH
W = 94.8% WRE 70.7%

Table 2. Result of the scenarios simulated by NSGA-Il & M-5
72 2.NSGA-Il 5 M5 fRIMR(EZ R BRAHER

K EEPIA R EKZE(RRS, %) BIESRKIIFR(MS])
£y VIR ERR M5 NSGA-II B (%) M5 NSGA-II % 2 (%)
1977 50% 47 50 6.4 9 7 22.2
40% 45 48 6.7 12 9 25.0
30% 44 46 45 13 11 15.4
1984 50% 58 59 1.7 6 5 16.7
40% 55 55 0.0 6 6 0.0
30% 53 53 0.0 7 6 14.3
2002 50% 41 45 9.8 16 11 31.3
40% 40 43 75 17 13 235
30% 38 39 2.6 19 15 21.1
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SIHTEE R R, NSGA-I 8T A B AR, 7K T3H 30 /K2 (RRS) L AAE IEHKFEAR(MS)ES 4y, T 1977
FERIKSCEBE R, NSGA-I %R M5 B4 FA L, 27145 20 5%~7%LL K 15%~25%[1 k33K . 1984 4F
MK SCIESE, K356 & KFE(RRS) S5 M5 FELLE FT AL, A& IEH/KIRFR(MSI) el 2 i ik 17%. 2002
SEIKSCIEEE, K356 808 K Z (RRS) B KA IE SR /KFBAR(MSI) 73 5 20 3%~10%LA K 21%~30% 1) B35 % ;
BRI S, B VIG5t 0 B R A

L1977 4EH) NI DL S W UA P 25 50% ¥ 5E N1, NSGA-I 2 /K S R /E R R, tn 4] 10 f 14 11 firz, NSGA-II
B8 3 SEm & I /T 13 FIEE K 2 B A7, (KERAEKEMREFET, 7T 13 ARKEE/KE, HIEA M-5 8
7 FL 1) &P 5220 F3SLT7 A RERTE 2 7141 FiSLT7 AR, Wl 12 fos. R EAR T4 12, 13 AN A
KRS ENH BB, AEFOKEHIEAR 0.82 (5 12 A1) /%2 0.79 (55 13 )49 FHEZ 0.28. A% 2 B n]
FEB K Z SR B TE B KR, AR AILHUKE, ST EEHHK IR R AR ALK& ] .

6. &ip
AHFFHRE R G55 107 B2 2015~2030 4Bk HLIX T KI5 5E, Bt R Be T 245, UL 1977 EH AT &

UG AR BO%BLE I8 9, EIL M-5 B IE AR R, 2T = AR NAMIE, BT RIS, KE
BRKEAMLAERIANT, 5RAET RGN, LT85 5~15 f)lE], A 1KEA K EKE ) EIRE T RS

agri_SR

1
3
w 0.8
S
v 0.6
& 04
£t M5
£ 0.2
(7]

0 NSGA2

1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31 33 35
ten days
Figure 10. Comparison of irrigation water shortage between NSGA-11 and M-5
[ 10. M-5 5 NSGA-1I Z Btk RARHLGER
WSt
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N\ NSGA2
0 b
1 5 9 13 17 21 25 29 33
ten days

Figure 11. Comparison of water storage of Shimen reservoir between NSGA-II and M-5
11. M-5 5 NSGA-Il Z /K EBMEREILER
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Figure 12. Comparison of public water shortage between NSGA-1I and M-5
12. M-5 5 NSGA-1l A HEKFRIRILE R ELE

NEF G TR I A SR BOK I 77, AR FUE I AR SCRCHRE R AR S5-I, AR A KR C 22 3L AR 5 200
WK EEBIRERAE, UK R & KR BB IESOKIR IO 2 AR S 2 BbR, 4R EIR, HRERFRK
S B e IR 10%, B IEGR/KIRFR K B 2 vl ik 30%, BEHIARHT LT B 2 H e ALK R G v T+ 7
I AT A R M oK SIG 0Hr, SRPERAOREE BN R TR ESH K.

B O

AW TEAFAONZ 53 R ZACI B A AR SOKAE - BEE KR 22 o 0 T17KOR 2 B Bk ol T B0 4 3t 5 52 cdis
A5 ORI HEAT, ALECE .
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