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Abstract

Combined with the principles of efficiency, fairness and sustainability in the water resources allocation,
a multi-objective water resources optimal allocation model is proposed and applied in the middle and
lower reaches of Hanjiang River basin. Taking economic, social and environment benefits as the objec-
tive functions, the non-dominated sorting genetic algorithm-II (NSGA-II) is used to optimize the alloca-
tion model. The years of 2010 and 2030 are selected as the baseline and planning level year, respectively.
Based on the long-term historical runoff data from 1956 to 2011 and the water demand prediction in the
planning level year, the optimal distribution is achieved by setting up the reservoir operation rules, wa-
ter user priority and other variables. In the Pareto solutions, three indices of water shortage, economic
benefit and pollutant discharge are compared and analyzed under different typical schemes, which indi-
cates that the results are reasonable and applicable. This study can provide scientific basis for water re-
sources planning and management in the middle and lower reaches of Hanjiang River basin, which help
decision-makers achieve more efficient and accurate water resources allocation.
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Figure 1. Framework of the water resources optimal allocation
model
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Figure 2. Spatial distribution of the computing units in the middle and lower reaches of Hanjiang River basin
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R (T HEAK CRERITE Y ADULRIRAHRG IR, AT R A3 A0 DV 5 K HE R B0 I B 0.6 A
0.2 T ALK 5 K HER B B B G R 2 i AT K HERUS R COD HERSUE B e, BEhli &tk
JET CGHHAEE TSRS AMRD) .

3) HiEEESH

5 ARSI HR P AL A (NSGA- INSBUE SR T . BUMHEE KN popsize = 30, G OOARGIT L Lpyom = 12,
B KIHEWAREL maxg., = 200,

Table 1. Characteristics of reservoirs located in the middle and lower reaches of Hanjiang River basin

F 1. TP TR FEKERHES HIE

K Gy IK A4 FR AR TH A (km?) BERm) MNHEXEGw)  ERC o) TBRAK AL (m)
1 = WK 524 51000 21100 26100 403/412
2 SEREIK R 186 26900 14500 10200 313.86
3 FHL K% 95200 3391000 2122000 1269000 160.0/163.5
4 TR PR 82 11033 8815 270 142.2
5 L BRI K 139 10700 7080 140 144.19
6 RETT K PR 314.5 19590 11590 2000 125
7 PEHEF K 412 22040 2200 223 111.8
8 ZLIKIT 7K PR 190 10360 5890 540 117
9 FT 1K 2523 15403 11469 185 195
10 =IE KR 780 15460 12742 2 154
11 =G IlKE 236.5 12300 8900 500 163
12 ATV 147.5 12166 7631 362 132.7
13 IR 281 12561 7025 1010 76

14 gk 11 7K 2R 595 52000 26900 17600 105
15 AR 305 15910 6860 1300 195
16 w1 F K 303 20108 15432 3089 118
17 K 283.5 31340 17350 3250 84.75
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Table 2. The economic return of each industry in the middle and lower reaches of Hanjiang River basin (yuan/m?)

F 2. NI TRHEITIUMEF N m AR (T/m)

X 35k Tk Y312 Vg ES
+1 285.16 120.18 285.16 230.17
AR e 77.25 55.45 77.25 69.98
EE 180.06 20.42 180.06 126.85
FT] 282.23 28.11 282.23 197.53
KT 182.79 10.96 182.79 125.51
2K 322.68 52.07 322.68 232.48
L 565.5 64.76 565.5 398.59
Bk 156.67 17.11 156.67 110.15
B 1436.21 130.46 1436.21 1000.96
Table 3. Annual off-stream water demand projection of each city in the present and planning years
F 3. IR Tt XIRFIMX K PEREHETENERTKEHELER B6: An’
Vg Tk Al R T8 Ah T 7K e B
KA X35
P=50% P=75% P=90% P=95% P=50% P=75% P=90% P=95%
T 1056 1060 12,233 13,977 16,506 18,796 14,349 16,093 18,622 20,912
Mk 187 857 418 514 859 917 1462 1558 1903 1961
B 21,767 181,989 212347 246432 268209 288,192 416,103 450,188 471,965 491,948
T 9114 61,401 95569 103,853 116,982 119,937 166,084 174368 187,497 190,452
WOk RIT 5935 23788 79,167 85008 95956 104753 108890 114731 125679 134,476
(Q0104F) @ 5721 44559 60413 68350 73,462 78,744 110,693 118,630 123,742 129,024
BT 1599 11,963 12,831 14459 16,923 19,594 26,393 28,021 30,485 33,156
flkk 6212 40,541 55362 66255 75885 82,967 102,115 113,008 122,638 129,720
A 6329 61,174 22,112 25256 28193 29,927 89,615 92,759 95,696 97,430
A 57,920 427332 550452 624,104 692,975 743,827 1,035,704 1,109,356 1,178,227 1,229,079
T 129 1306 8199 9320 10,962 12,552 10,802 11,922 13,565 15,154
Mk 267 1026 312 393 541 582 1604 1686 1833 1875
B 30477 214201 213226 243,046 266496 284920 457904 487,724 511,174 529,598
T 12233 76,752 91,691 95998 104,735 107,316 180,676 184983 193,720 196,301
MEbkEE  RIT 8152 26671 69,333 78807 91,713 95478 104156 113630 126536 130,300
(0304F) @ 7452 46922 57,671 63,613 67220 72714 112,045 117,987 121,594 127,088
BT 2163 13455 14471 15965 19264 22,126 30,090 31,584 34,882 37,744
filkk 8581 44226 52,097 58079 67,951 73,099 104904 110,886 120,758 125,906
A 7710 75799 23,740 27,286 30,297 32,208 107250 110,795 113,806 115,717
&4 78331 500,358 530,741 592,507 659,179 700,994 1,109,430 1,171,196 1,237,869 1,279,683
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AR, R ATE R T /K&K, COD MIHERERE 2 38 0; 14 3(c)# B COD Mk & 32 /K & 150,
WREKEILE D, BRESHITHKEZ, SKPHEEE 2, COD Wiz HEXN TIMEH, Fih =& 2 A2
TR R BEAASRE, RS N4t K mT LA I 2255 2826 B BRAREROK &, (H2 B TS K HE R 5 p,,; i K
el e E 5 R TS & d PRI A T 2SI, BTl S 805 G B E

T2 HIRRAGECE 45 R 2 A0 BL 7 £ Pareto S RARSE, H AN WSS X HARI AR, FM
Pareto f M MREEH /3 ALEIL A (KR /D) B (BHF G R K). C (COD HE i 2 Flf /N = Ff 1 78 ) 43 i 77
FUMESE, LA N=FP BT % T E R R EUE .

B 4 ATRUE H: &7 BARRAHE MR, A e F L 25 L. 2010 KPR : KN E 5 8 10,840.3
.76, MERFERIKERN 17.9 12 m®, COD WIHESE R, A 54.6 Jilll; BRoKEH/NA 17.6 14 mPhf, SR
10,769.4 1.7t, COD HEjitE N 54.5 Jilfi; COD HEE 2 flf/NA 46.8 JiMily, $KEHN 19.8 14 m?; &5 aa
N 7559.1 1278, FER—KPAETR, B45 438 nes, COD M EtBEEE A, WL R E S35 4
HOSZ MR B JE . BEE AT RIRRE, R —MITET, KRAKFEFHETFUE . SoKEFM COD 1
HelcE Y = T BURK P4

SR R NS SR EN KB EWE 4 R, HE 4 TUER: BAA TR A NKES TR
B, HETTHR C, (H=M75 % T & XIS HK S EMZEAN K & XIRSIAAEA FIFEEE Bk o). 3X 3 22 K
REARBEBR T, KT 2 i, SukER/DX—rF Bis S A+ B2 R e, ERr gt
RBETEARA T A HEAT P R AT ST AR A3 . Jorp, 3B, fifR 2R FEBHATIRI T BBk & HEEUK . X2 RN TE RN,
2 [ 17 52 X RK s AR FE DY RE RO R 1), SR = ARG MR, AR BRI T 8 %, TEiEM
DUTFRBUK, HEEM AR KK, B LRI K SR e B AR TS B K S R, 5L
MR REML, WAERKKED ., G BT, k. SOOI TR, WTUEBEMNTRIUK, Brelix
JUAN XL P AFAAEBRAKIE DL ARIZKSFAEAALE, R X AE R RIZK 2 0 A3 7K B 38 T IR KP4, i
R T H5IURACHFEM EL, MRIKFERFTFRERG M, B LA XIS B K B2 o (B B T2 A0 5 00 7 58
SKAKGEAE, B LRI ZK S AT 38 X3 1) Rk & KT IR KP4

AFIRCPAELE =R 77 &3 KRR AR B & R IR 50 WAKFRARE, & FXIHKERT 15
N—E, T N AR S EEARAAEAE K BRI SR , RAE AR TE B AR A 35 F K Bk 1 ERN, TAR EE kK
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Figure 3. Relation between objectives of the Pareto frontier for the water allocation model
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Table 4. Three typical schemes for water allocation of multi-objective optimization

4. ZEAGRU=MARBINEOKE R

IR UL S OF,({Z. m?) OF,(1Z.7%) OF;(JMi)
TR A 17.6 10769.4 54.5
2010 HEB 17.9 10840.3 54.6
HEC 19.8 7559.1 46.8
THEA 224 34121.3 74.1
2030 HEB 22.6 34712 75.7
HEC 24 26525.6 64

Table 5. The allocation results of three typical schemes

=5 ZHAMSESRTHER

JI% A (Jim’) Ji%E B (Jim) Ji%C(Jimd)
Tk ol EE RS Ik Rk ERE AES Il &Rl REES
11 520 6053 429 13950 642 3948 508 13961 604 3350 538 14275

S R R

Ui 239 369 104 7999 340 237 77 10369 149 230 64 9626
RH 131467 169758 21705 143093 112611 173197 20876 144221 111043 177586 21354 144007
FIT 47816 79569 9114 89201 50507 79687 9510 85674 43140 76112 8375 85968
2010 K1 23447 79108 5901 30988 19351 76967 5360 30298 16226 70437 5495 27077
F Ik 44792 55626 5720 29921 43010 54802 5721 31105 36817 49282 5721 29788
WL 9496 6548 1598 6377 7933 10082 1495 7234 7620 4049 1175 6410
B 38634 57638 6210 30047 37087 54754 6109 29277 27309 37196 5501 26465
Ew)e 60845 23088 6328 18947 60259 21185 5536 18785 60452 25061 6474 18597
I3 542 6123 1280 23951 604 4460 1259 23961 519 3350 1289 24275
LI 649 369 267 13679 640 237 240 13369 639 230 227 13626
L 142467 159308 30405 144121 133611 172747 29576 142894 132043 177136 30054 144207
FRITT 47816 79569 12214 89207 50507 79687 12210 88784 44140 76112 12075 89135
2030 K17 26447 77908 8151 31040 26351 77767 7610 31197 21226 76237 7745 31042
FIK 46792 55626 7450 30050 45010 54802 7451 31105 42716 56282 7451 31157
L 13296 8048 2162 6377 13435 10082 2059 6234 11420 9049 2039 6309
ALk 43634 57718 8580 30047 43087 56754 8479 29277 42309 57196 7871 29646

Ew)d 74845 23057 7708 18947 75799 21185 6916 18597 74452 25061 7854 18785

1) FE[F— AP, DL T i X 75 7K B R RER AR I K R8N & s 2R /FARBRT, M
RIS (0 75 7K B A T HUR K AE 21 n )i .

2) M NSGA-II FERMDETH Tl [X 2 B bk RIRILACEC B, e 15 2 XA S sk, A 4R
FEaA AT LA =A AR B A B AR AR LR . fE =R MR T RN, 2% 7 X SRK B T TR
— B RO AR K B R DR T ELRAKCT 4R

3) DLAblc B AR AT 3 1 45 R AT LUK BHIRE BEAUKYS B2 il Se S0 fr . =R BT =T, TR A 5T7
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Figure 4. The total amount of water supply in each city under three typical allocation schemes
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