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Abstract

In order to reduce the adverse influence of The Three Gorges reservoir operation on larval abundance of
the four major Chinese carps, the problem that how to balance the economy and ecology in the mul-
ti-objective optimal operation of the reservoir is studied. Based on the existed research and ecological
operation experience, three key hydrological indexes are identified from the seven possible hydrological
indexes, then find the response relationship between the three indexes and the fry abundance by BP
neural networks. Based on the response relationship, a multi-objective reservoir optimal operation
model is established with the target of maximizing the hydropower output from the Three Gorges Hy-
dropower Station and maximizing the larval abundance of the four major Chinese carps, then the paper
introduces the Non-dominated Sorting Genetic Algorithm as the optimization algorithm for the operation
model. The results indicated that the contradiction between the two targets can be balanced by the op-
timal operation, and the larval abundance of the four major Chinese carps can be greatly improved when
the hydropower output is hardly reduced. The paper provides a new perspective for the current mul-
ti-objective optimal operation of reservoirs during the fish reproduction period.
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1. 5|8

U TRRIGIAIT R KILI S T TR, BAR. Ko, fus. fOKRAESSEERHE. B
AR, RIETERMBTEER, Wk TRENRE., MIBHEEEFAEE, B2, ZWoKESK, &7
KAILHIR IR STIE B, AAFHE BT 7515 75 BRI B E 7= O S (1 f 28 (o “ DY R R 7 AR N A 1 E
SRIK LA T HEAR F= O B A= IR [ 1] [2] [3]. BRIk, [ A28 5 X 3R SR ORI AR S TR B R T T K ER 7T,
Koel [4]5545 # RMREE 77 SKIMAAL oK SCorHreh, FEH 00 45 A R RIS AT bRtk s 2@ S [S 1K 7K ) 2 As 1Y
AW E AR L 2, TP R T VYR = AN E HAE RS AL Horne [6]55 5T X 45 i W R e VAl 38 7t 20 19 75 5K
SEH TR RGERAE (7R AR SRR B A T R SR B R AR S K ST AR A A, HESRAS B T2 YK
KA TE R AR R NS [ 81255 Tt A Bk b BEAR 75 /K I 22 H b 2E 2518 B AR 2R o T N st 7K fik o 7 k42 1)
Jiik, WEWGIN T UK DI .

HATAF 7O K2 Rt T IR K = R @ e A, B DR R e 5 o A 45
ARG EAI, (ARIVERERIRF . Bk, N7 LUk e S R R E NS HE AR, X
SHEENASRELERAEN, EFZHEORRFERE S KRNI NTERR, @K SRR 5 R FK
A ERENENCR, AKESLAES SRR thih, ENRFK A OB EEM LA 2N, =K
FE I IE AT 18 FEE T R A DO K SR 7= O i 75 22 PR /K ik o o 9 AN BH R BSO8R 5% 8 1 = 5 ORI 7 52 15 T
DRI, G e] 75 gk /DN 52 i DU R 5 £ 7= R A A 400 R AT BE M R 3 R FEARRA (9] [10], AT ERAEARA 2 B AR 7713
SR T A BRI 7K e R FEE T SR ) S

RSO I T TSR A SR, % H DGR I SCHE bR, KA BP & W Z545 21 T TU K5 fa i
F 5 OB K SCHR AR I 806 22, R AR SCC HE /7 38 4% SV (NSGA-IT B SR, a7 1 e DY K 5% fa £
WS R R K EE 2 B AR R AR, i vk =0k T Ui 2 75 AR G (kR il 80 B T 2 =0k /K e 2B 25 R P 4
PEIRIR 2 S SRR
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5 RE 0 v P ) = WK P A A TR FEE 7T

2. FRITRELR

UK EEAL TR, AL E B BT, BEE R PNIKPE 38 km, &R F R R A
Wiz 55 2 B E A IR BOK R TR . =K ER IEH /KA 175 m, HBR/KAL 145 m, FiAKIHHE B KAL 155 m,
MIERN 393 12 m?, FEEEZ 171542 m®, BitEZR 221.5 12 m?, MR ESR 165 12 m’ s A SCIRBUCK T F1i
B A EE LB VR F AR N R SRR R, 7 11 DK 7= 9935 0 A E AT i B 2 3
BEWLITBL, RH4EI 5 & 6 & PU K S A0 (17 B W 1, AT i e B 3 (1077 B i (AN KV TR P B (K3 50%
[11][12].

F T DY K 5% g 107 O B 5 ik K IR E R KK IR IR IE B[ 13] [14], FLE A YK SRt 2 KSR AR ST BT
FEl7E 8000~15,000 m’/s Z[f], [Rk, — 52 i) N M 4 1 2 VO R 5% 7 B BB o B fF . Fh =0k i 3 MR T
B, KEETEEAE 6 H 10 HA KA Z BTt BRI 145 m, Bk, FoH E 5 H W18 =K B AT 2 0% 1 Y
PR AR L, VUK K R B A IR KSR S T RBIERIIY KK =81, 2011 F 24, =k
KESLHAT T 10 RRABEIRL, WRFAAWFEERTHE BT Brel, MR PR S fa i) o s AT 4R
WA, N AHNERT & H AR FR KSR, W IR R A A K AR B 7 R L

3. REE KRR
3.1. AKIIERIERE BEMEE

DA W TC R AN A S T PE 2 30 R B, DU R SR 0 107 B Bl — B PR B Tk A REREAT 5 YLK KK A5 B2 I R
2P GRS AR R AE K, 90 B8O 5 VKK KRR BRI 8] B H b Bk SRS A B IR, BRI A S
T 7 AR DGR 7 BRI K SCHE bR : 5 3 HFE3iE . 6 A HAPH3E H~10 H). HkigE .
K3 HRUROKIE. Hok 7 HRTHROKRE . KRR EE . KK IR

=K R FEIEAT R, NIFRIARSCRE SR A T R E AR, A SCE R UK B AT R Ja KK R AE DY K 5K A
PRI 1 H~6 H 10 EDRARETE DL, K N E & 3b 1950~2016 4 Hii & 50 70 = WK FEIZATHTANIZ AT J5
PIESSY 73 A SR ER 73 1 7 AN K SCHEARMENE AP MRS REAS, fEH] SPSS XS PN AL AE A 24T Mann-Whitney
U A MG K, 1245056 75 32T A ROA W g AN ST ASZ ok B R A (S . AR SR af R IR 1, WP AT LA
A HBRAESAIE S KoK S T AR K RO =S F AR IR 2 25 PR COUR) BUE /N T 0.05, RAE T B AR
e, HIRGEHEM BT s T RrA Brgih, B EIR =AM AR AME A =Wk s AT aE AR A — 20 4. b
IS8 45 SR Ui W] = R K P IE AT i TR K SO 3 25038 2 BOR AR AR TROK BIMR RE TR 35 82 I T DU kK I 80X =
AT .

Table 1. The results of hydrological index test
= 1. IKSTIBARIG TG 25

K HRHR Mann-Whitney U Gt %4} W R EVEUR)
5 HHPERE 31.0 0.1330
6 H H-FHis 27.0 0.0768
H ki 218 27.0 0.0251*
R 3 HRIHKKRE 38.5 0.3031
R 7 HRIHKRE 32.0 0.1514
TRIKFF S (8] 3 45.0 0.0130*
TR IEL 27.0 0.0059*

DOI: 10.12677/jwrr.2019.86071 626 TK YR 5T


https://doi.org/10.12677/jwrr.2019.86071

% 18 1 H = FE I =K AR S T R T

3.2. REKIEIRS B EFEMRM X HR

FIFH #2226 BPNN 33K H KR SA A 5K 7K 3R 42 I [ 354 ik 7K /0 5 DU K 5% # 1 =F B2 R AH B2 9% 2 . BPNN
Hor3 R, REEWE S Mg IT, HiEmE0r A0y Sigmoid FZMEREL, IIZRT7 %4 Levenberg-Marquardt [
LIRS . BT K SCEHR FEAR B /D), 51N Bootstrap SEAAE 7%, BB IEN, T RbEAR, R
LR EFEIE . RIIEME WS RHUR, KI5 2 u4 M BH Linear J7ikBET XL, 3@id 5-folds
SEXATINAREALF R EE AR, WA 20 WRIBATLAEH, M MRS 1T 5AE 5 SR 2 18] AR <
REO RS T 2ok Mk, bR ZEN/NT 2 et mlH7%. Bk, M B & ORI B AL T
ES v L AL/ PP

Table 2. Comparison of fitting effect
2. UEHRIILE

B EL A TiiE PRifERZE MSE R FI7H
TS I 4% 3.13 0.930
: AT 3.23 0.871
FZE Y 2% 2.55 0.922
’ poaeAmpE| 3.11 0.782
FZE Y 2% 1.64 0.893
’ LR 225 0.725
TS D 4% 0.66 0911
! LR 0.85 0.810
FZE Y 2% 0.37 0.676
i o AUACIVE| 0.82 0.432

3.3. ZIkEES BARMARE R
BETF VUK 0 1 2 B 5 R B R SCHR AR IR S 5% 2%, S DA JSE 3T P 7K R i i b i KR DU K 5 £ 0 =
JEE B KON H R =K R 22 ARG R AR, AL BERR R A T
1) HFbreRE:
FAR 12 =K itk i E ke
E:masz:KthtAt (1)

X, ENEREE, THNBE, KARMSKH IR, H, W BIIKk, q Ak WBRHBLIHIRE.
Hbr2: DWRZKMmEEFE A HK:
AZmaXf(anQza"'Qr) 2

X, A WK KAETERE, 0,0,,0, N 1. 2T B Nl e, @i+ 5 550 Bl ER R oK.
2) ZIR KA
IR 20

v

t+1

=V, +(1,-Q,)x At 3)

DOI: 10.12677/jwrr.2019.86071 627 TK YR 5T


https://doi.org/10.12677/jwrr.2019.86071

5 RE 0 v P ) = WK P A A TR FEE 7T

tH A2

N™ <N, <N™ 4)
USORADE

M <z, < 7M™ (6))
RN AT

om<o o™ (6)
KA H AR £ R -

2., -2]<06 (M

o Vi Vo SRR K EE ¢ 7 ¢ + 1 INZIRDKEE B K&, L3RR ¢ BT BN &, O, R ¢ W B R &
Zmn 7 Sy RN R ¢ AN BRI, N N RN LGS AR A, oty o 4y
BN AN BT E LR, WS, Bua. UK. BOPSLREME, Z, M Z RRRKE /M + 1
I 2P 7K 7K A

DA E ALK F NSGA-TT BE T 3K A, NSGA-I1 53272 HH Deb [15155 8 I — M E 50 XM 2 B s b,
KPR SR R . S TR B SRS RS BN E SRR R T, MERT HAb 2 BB A 81T
P, RERR S B B AL AR SCHS NSGA-IT 5092 5 8 25 R U K 5% £ 1 = 2 5 7K B R F B MK e 2 A Ak
VAR, R CHmSRET, FEFRIBN 20, HOKIEARIREL 1000 K, 22 XMER N 0.7, ZEFHEFK 0.01, 15
ZERIA 3.

Table 3. Multi-objective optimal operation scheme of the Three Gorges Reservoir

3. ZWOKESZERAERET RE

WIS R E/AZ kwh g EALRE Tig R E/AZ kwh i EALRE
1 94.746 2.1157 11 94.485 3.0965
2 94.684 2.2666 12 94.182 5.6366
3 94.831 1.8893 13 94.264 4.7313
4 94.067 7.6989 14 94.934 1.7384
5 94.629 2.4929 15 94.155 6.0139
6 94.047 8.3780 16 94.557 2.7444
7 94.021 9.9876 17 94.121 6.4414
8 94.094 7.0450 18 94.421 3.4989
9 94.223 5.1337 19 94.363 4.0019
10 94.308 4.3540 20 94.031 9.1325

4. ACRES RO

MFE 3 19 20 MU 7 Sk BUs 58 7 (R HOR) . TS 14 CRBERIOMTT % 10 (P1EJ7 E)EAN
SR TT GER =k Pt P A B HEAT )M o A K P A BE I R v DLK M it e B i KO B RIS, NI4T
F 14, KAEIL 94.934 12 kw-h; DA LR EZ AR, NiEFTT5 7, MR 9.9876 1L)E;
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VAR E ) B ARRS, AlEFEI7 % 10, KRN 94.308 12 kwh, HEFEEN 43540 122, 1EKPEH LR
FErf, WA S b DL IE & IR TT R .
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Figure 1. The outflow of the Three Gorges Reservoir under different typical
optimal schemes

E 1. TRIABMUFRTZBKETRETLLIE

B SR H T =K (1 R AR SR R AN =P B Ak 7 2 F —WOK R Rt sl 72, IR AR
SROKERRTE, BRI ERR AR RN, BBk, ok o )t = g b . b
AR UKL, = AN RINX B FEE T MR RN SEEAE. TE7E S A Ea. hEfle A LA
BRAET Fr8: 4 KU Hif & H ki@t 1000 m*/s (3% Sk 72, VUK i) 7 i 3 B4k rh e IX 3 ANk i
FEer, AT RAERIRNGIE R IR i &, 38 sk e KR (8] VUK K A8 1T, SRR BER D
Z 14 (Rl R RO, AE A FAHEL T —RESE 4 R UL E B R F KRR T 1000 mY/s (148
KRR, W7 S 14 ARITFIURFKA=08, MEER/N, BiZ7 ZERTBOKE D, IKEKA FREERE, K
R STHTE 14 MR 7 /TUURIL, seathib i3 7 R e a0k B & (¥ 77 58 f i = B3
8.25 1B, KHE/D 0.913 14 kwho (KILZWRAERSHEEAIRY) Eox 2012 4 W 19 i £ 58 3.97
G, W42 3 AN, J75R 19 Ml 3 el bk, 5 DUZ T RAHE N Y FRRRHE, MIETR
7 FIT7 % 19 WAL K EUR/N 0.342 12 kw-h f T FFERIATIE 2 &2 9.9876 10 )2, AL, ARAGAEZS R R F47
PER D 1) R R B LT AN R F i B AT AT RO P R, A S R .

5. &ig

BT = W 7O A PR IS AT i HL TR U DU R SR T RSN ) B AL, R L B AR BURM AN A A TR R 2R B 4R Y
TAERKARRR, JFBATIRARAR IS . ] BP A2 [0 2% S 37 DU K 5 i i i = B R ORBE K SCHR BRI WA B SC 2R, g
SRR N B =K P2 H ARG R R b, I 5 H] NSGA-IT SEEAT 1R . 85 BB 8 LA
Il A v B AT R e A A AR, AR SO T BB T D = R DY R 5% BB 31 R DA T P 4 i AR A A 2%
EDY R o 1 R P B 2 I AR S Ak, IR KR i . . AR E R R, Pl 5e ¥
TRPRRAIR E BP MM BRI RS, JF 5 TR SRR 2 A AR OU AL R R, BET$R S5 2
WA RS, T i ZAT M 7 LAk
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