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Tab. 1 Characteristics of the main water projects located in the middle and lower reaches of the Hanjiang River
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Tab. 2 Main water transfer and diversion projects in the middle and

lower reaches of the Hanjiang River
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Fig. 1 Schematic diagram of water resource system in the middle and lower reaches of the Hanjiang River
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Tab. 3 Threshold ranges of the relative indexes of algal bloom
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Tab. 4 Greenhouse gas emission flux and organic carbon burial rate

prevention . CO, 1154 HK[21]
IR i
CH :
ik Wit ok 0
T S AAHE G 2 0.107  3CHik[24]
b AT Y < o ! <l. 5o )
W TN 42 o 3/ (mge L) <1.00 fngem ™) COr 1805 R3]
J—
T TPV R B (mgeL ™) <007 SO ol 60 2]
(THY%) -
VbW /(s ) =850 N0 o107 SCHR[24]
APBRITTFT /(s ) =300 ﬁm&i%a’a:% UN[St 115 SCHR(7)
f(mgem+d ") TP LT 97 SCHR[25]
TS5 BIKEMEKA
Tab. 5 The initial water level of each reservoir ${E m
A4y CRIKATR) 2017(42% ) FAKAE 2018(65% ) i 7KAE 2019(72% ) i 7KAE 2020(44% ) FIKAF: 2021(27%) FIKAE
FHILFKEERIIR /KA 167 164.3 163 167 170
SERLK PERI IR KA 312 310 308 312 315
= BIPK R IR K AL 413 410 408 413 416
T3] 1K EERT LR KA 178.5 178 176 178.5 179.5

SRR, JORAR R PHLA SRR, R
FHE T 1 4 P 7K P8 1) Ik B R 22 /K Az DA K 5 IR L
G KaE, B 7K AG I L TR B IR K O 1 O
T EE 350 m/s, B8R F NSGA- T 535 047 3K
fif ISR 2 H R Pareto it 4 .

XA AT, 2 A IE R T 2, 5 LA
JE D7 S8 ATXE I, A3 2 HAR LA TR BE I 255 80
f AT IR BE H AR A B E Rl SE 4 G &R
2.1 BARSEK

T SR H bR R B, T EEIN, K2 AR
Pl &= SRR CO, Y i/ = ARG HE

JRCHR: R SCRE SO i 2 A HE IR 55 A AL e L
2R, % R R K XSO B, o 30
ST ] BB 4 s Bl 5 =, ELHECE: o5 L
FER B, ORI % A HRE R AR A5 1K A
J2E X K-S T HE ORI vy - HE A, X P
ol A4 1 Yk 2 PR HE R 249 S B T T AR S A I U
= UHEIGE 2 e M, B 5 AR D
ol HE i a4 RO 2 R0 . AT AL B LA A 2y IR
DX K S -5 1 v i R, 3K A o i A 1) A ML B S
Bt 249 S T FR 5 A A PLBR RO 2 R AR . B
A LBt AR R i Ay A gk A G ek 2 A, R A

KxKHF R <87



F21% #5538 WALASAKARKCEE) 2023 4 10 A

JHGHE 5 A LR IR WL 4.

1 J N T
= min— Fi(jt
A mmJZZZ i) | 0
Fi(j,t) = Mco,(j,) + Am - My, (J, D)+

AN My,0i(J, 1) = Mywci(J 1)

o FGe) RHS i K RS j AR ¢ BB iR = <k
e CO, M, mg; Mco,; (jit)s Mcn,i (J,0) My,0,(j,?)
SRS | K TARES jAF ¢ BT HERL Y CO,. CHL.
N,O i Jii &, mg; Mburc,i(j,l)ﬂ‘j% 1.7J(I$5'5%j A ¢ B}
BEA DU T &, mg; A Al h 100 4 R
1 CH,. NO YA BRI AE R A T A 4E 0 4
FITTSERT B N oK TR J TSR

Mco,(j,1) = Ceo,i(Js Dmco, [mc

Men,i(j, 1) = Cen,i(J, hmen, /mc

My,0:(j,1) = Nx,0.(j, Dimn,0/2my

Myueci(Jo1) = Couri(Js Dmco, /mc
KH: Ceo,i (1D Ceny (o) Nuyo, (DT HIRES i K T
T j 4 ¢ BT HERL 9 CO,. CH,. N,O 35 1 C
HIN JCR A Bk, mgs Coui (0N 1K TSRS j 47
¢ I B A BB S5 T AL 5 () C T R BT i, mg; me.
my 3 C F1 N JTER AR B BT f 5 mco,~ men,
my0 939K CO,. CH, NyO BIARRS 437 it

Cco,i(Js1) = Asurti (J, 1) Fico, + Adrawi (J, 1) Faco,
Coen,i(Jo 1) = Asurti (s D s, + Adgraws (U 1) Facn,

(3
NNZO,i (Jv t) = Asurf,i (.19 t) rS,NgO + Adraw,i (17 t) rd,NzO
Cbur,i (]’ t) = Asurf,i (.], t) rs,bur + Adraw,i (]’ t) rd,bur
A raw,i(j’ t) = Amax,i _Asur i (.], t)
{ R - (4)
Ageti (1) = fz-a(Zi( ], 1))

A Aty o) Ao Gu 0I5 ER 1 K RS j4F ¢
i B A% 7K T TR RS R T 7% 4 T AR, mY Focops Tscn, Ml
Facon Tacu 73 B AZK I CO,. CH, FINHVEHT A CO,.
CH, HE i 2%, mg/(m®ed); ron,0 flran,o73 0 17K
T A % A NLO HE HE B ™Y, mg/(mPed) 5 ropur
Fawa 20 B R KR L TH T T AT HIL B 2 R R T,
mg/(m’ed); Ao W H K TR Y B KK I AR, m’,
PLK A 3k B OE H & K A7 I B oK T AR R OR
Fra (ZiGO) IR TR K- AR 2, 2456 i K T
FRES j4F ¢ B BERY KA Z(j, o), T R i il 2 A 15
IR TR RN

KA1 B AR pR . LKA A S FR b i b
B X BRI R /N R TR, LAFRAE 7K A 55 42 W T8 A A
SAE bR B S EE A b . B IREIAL BEOK
JTHE bR ) S i 28 A K ) o B i, L o vk B R
S — B 5 5 koK A, TR E I i (K3 14845 )/

+ 898+ KX KK R

TR, B A A KA, SR SRR AR By
W T 5 R (TIND | BV (TP) Jit 94k B2 A K e/ N
AR AEBEREAR o

£ =min%iiiiln(go[nm(j,t)—Y,fm]+ 1) (5

K Y,,0.0) R A ¢ BEBCE 1A-WiiH 5 m Fhs
PREGEE; Y, TR LW m PR bRk R & R
(R B{EL; L SR /K AR WG MoK B b S 4
o(*) Fon B ER R, & SCANR PR .
XF T IE e bR, BN AREUE 8w, KA R
(A S S R AT 2 TN X (L Y
rio-nl={7 G

Xt F e bR, BIFS AR AR E A R, KA AR
M, FEAUSE TN, TP ik B 2545 br.

0 Y. (D<Y,

o Yun i)~ Y| = { 1 Yin (i) > Y,

K HARRE JHEEA N, DU UL

SFREL S HBERIRG ] T 4 8K H ok 5 RN R

FEZE . MED BRI LU R 4R 6 EA AL (55 1)

() Z2 AP 25 e L i e R

1 J N T . .
fi= max}ZZZkiQfd,i(J,t)H,,(J,t)At (8)

Kbk FoRES i K (ST R AR L) H ) R
O j.t) R85 1 K WL 55 7 AF ¢ IF B %) & L i &
m’/s; H(j,f) R85 i KBS j 4F ¢ I Bery & ik sk,
m; At FoR BRI, s,
22 HREM

K TRIK AT R, ikl

‘/i (.]’ I+ 1) = ‘/1 (]a t) - ‘/i,loss (.]’ t) + [Il (.]’ t) - Oi (.]’ t)] (At)
9

A V(B R K TR, m’s Vi (03 R K T
FEK B R, ms G R K TR A&, ms;
O.(t) Fm/K TR F &, m’/s. X T FHT K E,
o B PR K AL IR P 4R T RS RIK AR, KR

Va (ot +1) = Va (4, 0) = Viioss (o D) +

[, (G,t) = 04 (j, 1) = Wy (j, D] At (10
P V() FRPHL K IEBIEZS, m’s Vi (i
IR K PR K R e, m’s Iy(ji0) FeR FPHI K
FERAJERL 2, m'fs; Oy(jif) Frn FHL E KRG H
TR, m/s; W (j0) FERFHL K FER KR, mYs.

K TR BRI 20, Kik=h
Zimin (1) S Zi (o) < Zimax (s 1) (1

(6)

7



FH, % WHEZFAEGENIGIFTRATERS ERRMAREE

X P ZGoy £ w K TRIK AL, my Z (i) F
Z, man (o) 5 BNFRAR K TR KA T BRA_E BRAEL, mo
K T BRI 295, ik =R
Pimin (J,1) < Pi(j,1) < Pimax (5 1)
{ P;(j,t) = k;Og; (j,) H; (j, 1)
K PG R oR K B T, kW P
P (G0) 2 WNFR7R K BB HE D7 R BR AN 7 B RR, kW,
LA RN B ) | 32 B2 i SO g SR 45
iE -
K TR R LR LR H 84S Atz K
R, Rk
Oimin Go 1) < 0;(J, 1) € Oipyax (o ) (13
K O, () 7K TR i B SO 0 B KA, ms;
O, o) 7K TR T 2 FR VR B e/ M, ms
K TR IR KL AT, Feik X
Z(1)= Zi,start
K2 Z, o 87K TARH EE AR 0 KA, me
SIVEHFI TR AR A, 2k =0R
Wi (i) < Wy (i, 1) (15)
s W (if) FErR BT 5F DT AR 46 W T A K 7
m’/s; Wy(j.f) T THF I T RERAMK R ERR, m¥/s.
FTH AR 20 . FRTINAF 6 HEMT AR 4 322 &
LIz A WL I RE, AT RE DB/, 2K TR 4%
g IR B AR A T AL B, A FE X A 2 SR 3R
Onasc (o) = nas [Toax (o 1) s Zoas (o )] (16>
K Ows(id), Las(Gid) 3 I TR 56 & A HE A AL 1)
W AR, ms; Zu,(if) s kAT X ALY
IKAL, 5y () FARER kTR A5 R R
2.3 ARA LI,
Bk . FHZK A KT K T AR W T 7K
FebR B R TR A R
BUKAT KRR
Ry (jit) = Qo (s D)+ Qo (o 1) = Waur (o 1)
{ Wauo (o) = min{Wy,» (1) , Wi (i D)}
e R,(ji0) R BUK T8 P I, m/s; Oy, (if)
Oy (i) 3530 e 7 i SR /K R IXC B] A3t m'/s;
W, (i) FERBUK IR, m’ /sy W, (jit) 68 75 KR
i m'/s; Wi, (.0) FoNRART KGR, m’/s;0 FoRAPKIX
P o
FHARS SR B3
Whaio Got) = (1 =) Wou - (i 1) (18
s Wy i) FRIBK T, m’ /s; o TR DU

12>

a4

an

PR,
kT AUk i

Qh,o’ (.]’t) :R(r (.]’ t)+mui4r (.]’ t) ( 19)
K O, (i) TR s R, ms.
K BRI b B T
CiAn .7t = Ci n,start
{ 2 (1) =Ci, (20)
Crr,n (17 t) = Ca',n.slart

KHr: €0 F1 C, (o) 53 FR R 7K T AR AR 7K X
IRIK BYSE n MK SR A5 BT 5 M B, mg/L; C, o AN
C, s ST NN K TR AN IK XB K A5 n Bk BT
FEPRIIRI LR BT R RS, mg/L.

— YK B R e Ak

K 47K B B 5 Ak 7 BRAEAD /K X B 75 7K
FIE R L iU o e R AR AR

C}l +C)l
{ Con = "o qndq

Q+q QD

Cb,n — Coﬂe(—K,,l)

A G, M1 C,., 4 i 3R 7 W T L 3 R0 0 T HE AT
IKBYES n B K BT 8 b BT W, mg/L; O Al g 43 )
R W T 3t AR 1 HEA TS K AR R, ms; G, R
TN n FK TR B 0 W TR0 46 R B, mg/L (K
JF R ek %) 2K T o I e B AR A1 R ) K
") ; K, FmE n oK TR B Rl 250,
d'(NH,-N AR 2500 0.33 d°', TP [ REfR R 50
0.06 d ") ¢ NI, 4 1d,
2.4 BRI KR

BEXF 2 HEROLAG TR BE (SR A, R 2 i BT
HR ML L Horp, DL Deb 7 HEHL (1)
7RG 5 SR W 11 PR I S HE ) 38 4% 557 (Nondo-
minated Sorting Genetic Algorithm-1I, NSGA-II) & H
R o R EREAL T AR S ECHE T s R R
B0, A B T i S R S I S O 0,
Jz R T KR 2 AR TR il . Rk, AR SC
K NSGA- T3 kK i 1 iR
241 FKREEMHEESHSE

R R BB () 57 2 A RSk A, DA BEAIK
JEETEIK AL, 5 IVTHF DURMK I B 3 A R pRe SR AR 1 (5
AR TR, W u={Z,1), Z/2), -, Z(D), -, ZD),
Wol(1), Wol(2), -+, Wo(D)}, ERTIN . B 8245 H 835 5k
JCH A8 T A 7K TR e R R D0 S A A4

WA K 2 H 1 HE 4 A 30 H, #EE4E
Rk 2017—2021 4F, LA H Ry i B B B, o B i Bz At

KX KRE R 899



F21% #5538 WALASAKARKCEE) 2023 4 10 A

£ 446 >, FEBNRR A TR 2 2300446 B BexS5 B
AR )N, BuE K, KR 2% (trial-and-error)
S, DIBUASURSIESS S . NSGA- T 55 i Fl B AL
BRI KB AU B 4 1 % R 2 000 F1 1000, 28 X
AR S HE 24y Bk 0.8 1 0.1, R | MATLAB
gamultiob] T HAFIEAT AL BEIT5 . H 5 AE R B
RHE R —A 5 i A BT o 45 7K B0 0 7K A AL
5. TELFIHTHR 201842 H 1I3HE3 A
9 H [ HAI IO /K AR 30 18] A S B s A T 9%
242 k@I E

O A ARG XA K TRHES L
K X TR KB . KRR B . K IXAR AR K
T AR HE I SRR S TR

@11 E NSGA- T ik M S S8, L Hh i K ik
R K. 38 SUFIAE SR p, Bl p, . FiRE RILASE
Ny %o

@A AL k=1, BEHLPI AR AL AARFREE Py, T2
PERAF i u AAF A (9)~2 DRI T AR A B it
e, i (1) ~(8) TR Ay N BEAE, T4l S
Bt 5 R HERE, T HAN B

@RS, 2 BSR4 T O

OB AACHIEE S FAAEE G IR AL R, FFHEAT
A 2B HER, 7= A Al Sl A I P R, I A R
BACFIRE o

@B P 58 ORI S 371 7= FFE O,
AL k=k+1,

OELEALBEOMO), HEEICRBGAT] K, 155
Z HirdE g i de

3 ERoW

3.1 % H 4% Pareto M & - #7
& 2 451 T 2 Hn Pareto fittE 5% FLH FE 45

W = e [ & 2Ca) ] Al 0, & A0 I B2 A B S Ji 25
Pareto IV I, BAE TIEL i, e B nlfk
WE [ 2(b) . (o), (D] s 42 E A, kH
Hpr 5K B Hir 2 PR ¢ R, A& & 7K
TR AR PR O BR8N, & H H AR R i PR
PRl K AER R B bRk R4 TE [ 2(b)], X2
R L KUY R i 22, RSN e /K A8 B 4
T AR e, DAYBZN U TN TP B o d v B, 2 i ik
ANWTTET K SRS AR AR A & H H AR R S SR
FIbR e 4 G 2R, & F B R DU 3 2 S v HE di

900+ KX KFKER®

MK, K H AR R BRI R R = AR E
Frafias HUs/IN [ 1] 2(c) ], 302 R Ry P gt () 38 o
el A5 2= AR HE R X (T P51 ) 10 22 588 1 RGO,
INZ 3V CO, HEmGE sk, dE 2334 ik %<
PRHE i & AR H bR 5K AR B4 B s 2 5
G R, M E SRR/ 7K A8 b bR L
XFECRER A, T2 AR B AR 25 4R FHAERE
KA B H AR i/ [ E 2(d) .

3.2 BAGRE G ENMN

PEFE 2018 4F 2 H 13 HE 3 A 9 H Ay MAIT
IKAERARHEAT AT, 43 e B & AR 95 H b i
IR A) . KERE AR5 ki H xR
I (5% B) UK L ANRITE (5% OFEMTL
eI (LA 2, B 2 J5HE 9 R BIvis O 2 46, BvR O
LR 3 BARsRBUEI T8 OB 5 %, i —
A DA ARG HE R S R AR R B P A 5K, I
X I P 36 S S BN T 6 ©), HUR = AR L K
R R B AEAR S H AL T R (J5 R D) IR
RN 6,

M 6 I, = ARG HE R N O
FA) T, WRESRGHEBC R I (5% D)/,
1B % W i LA I BEAR (B IR R 22.3%) , IF H. 2 A~ B
S T T P9 K A B 4 46 b A B 8 45 R ORI,
SR UL E AR B AR BT RE Rl A A 2 A4~
H AR e 10 2 35 R AR . & H 5K B % H AR RS
R OF % B) T, A HLH BLE B, H % i i
BEINT 4.5%, Wi K A2 B P 48 An o B4R, T = <
PR R CO, BRI T 11 J7 kg FEPR 5 %
(FEOTF, 3 Birsias T 5 A E T %, &
K LR N 2.2%, Wi Tl fe/ N i 22 39 1 1T 3k 85.9%,
Wr T TN, TP Ji7 2 vk FE R I e K AT 3k 14.3%, [R] sl
ARG CO, MEW T 10 1 kg
3.3 AR ES RS

PL2018 452 H 13 HE 3 A 9 H YUK
K F A RT3 0T, 3.2 A L, AT
HHLVEBE, MR 2 C AT R B SE B =AM
IKAEBE R R R EE 3 AN HFRPIRAL . Bse B h
7% C SR PR A TR EE i R He oA (18 3
FE 4), B 3 hyws BUR R 7 2 5 007 8 N 45K
JHEE SRR, B 4 S R E T R SR T E T
L Ik TN, TP vk B 5 i A2t 7 5 .



PH, % BRHEZAKTENIPTHAKIERES Bt E
15
L] ° @ Pareto fitfE 1348
® Pareto fi4E A Yo H LR B fi &
7 Yo TEHLIE AR D* c B Z 13 o ° j\m{
271 . = 3 X :
A A4 3 = o *D 1344
e o o 30 (5 = ‘ o]
N L) Ly oo 1% e gy < ©
= Lepte Tt =11 XY =
= wrsw ¢ = § =
[]E-‘ 6 - v s :}J‘:
m o7 g ‘{ = 134.0 &
T = g
A £l v
5
133.6 z2
N A 7 1
]f%ﬁﬁﬁ 1ﬂvﬂaw@ﬁﬂco 5 6
& i K HLEE/(f kWeh)
(a) Pareto ff 4 =44y (b) & H BARFUKAER % BFR Z MG R
15 7.0
® Pareto fit4E 14 Al @ Pareto fitdE
; S W R A S BRI EE A
| BgE 213} D 66
z 12 = =
X st & ° 62 =
Ny e ‘%é 1k )
=0 2z i
2 X 0% = 8 &
f o % X9
A / g
[ ] X 7 X
1335 1340 1345 135.0 1335 1345
TR SRR CO, Mi/Gg TR SRR CO, it/Gg
(o) W E A HARAUR B HERZ IR DGR (d) TS SMAAE 1 FAS UK AR 1 F AR Z 1A 56 5
&2 2% B#5 Parcto BESHSEHIEAEBAISTLL
Fig.2 Comparison between the Pareto solution set of multi-objectives and conventional operation solution
Fz 6 BMUARSEIAEIEFRITLL
Tab. 6 Comparison of evaluation indicators between each optimal operation scheme and conventional operation scheme
RAIE S BRI B T %
[EL =il EiEtan
A B C D
VOV TNP-35 R B/ (mgeL ™) 4.94(230.6%) 1.40(—6%) 1.28(—14.3%) 1.49
VOV TP 2 ik B /(mgeL ™) 0.27(192.8%) 0.09(-5.6%) 0.08(—13.2%) 0.09
YOPEWTT R/ M B (mes ™) 20 (-92.6%) 330 (22.2%) 502(85.9%) 270
FKEERE A bR
AL T T TNP-35 R v B/ (mgeL ™) 1.12(58.6%) 0.67(-5.2%) 0.65(—8%) 0.71
AU v TP 24 5 vk B /(mgeL ™) 0.06(50%) 0.04(0%) 0.04(0%) 0.04
AP T 5/ NI fik/(mes ™) 199(—58.5%) 591(23.4%) 710(48.2%) 479
IRESAREE BiR IRESRSHCO, M i/Gg 133.33(-1.2%) 135(0.1%) 134.79(-0.1%) 134.89
KH HR S A /(fZKWeh) 5.22(-22.3%) 7.02(4.5%) 6.87(2.2%) 6.72

TE: SRR BT AR A, DL AR T 58 O 8D) R AR FRE D LUBEHE, TR RAL B, CTAABRER R LA,

ML 3Ca) WAL IR EE % DR, PHLE K
V%) S P A A i e 5 B AR A i R EL
N R I AR, A /N
MR IT%E C T AHLHK R H

H 2RI AR /D,

JE i AR R BN, I HOE

w2, MR 0TS ] BB K R iE 1T
SR AT DA H At S 3 7K A 8 R ok R T A 3
fEiE . L 3(b) AT, PHL O KEERE TR C S

X —

S e 25 AR
IK AL,

+ 901 -



B2l % %58 WALEASAFAFLCPEE 2023 £ 10 A

WRLRIEE DT 58 D T KA B AR 22 A8 K, (M8 7
SN PR AL AR b T LR EE 5 58, 4% I B it
TR HE O BB/, 7 A SR d A TR
FER I [ 1 3(d) () (h)], X J& P A K 6 55

4oy NPEUEE - R — By

3000 -

T/ (mdes™)
[38)
(=)
(=)
(=}

1000t

! -~ N —~ - -
YN NN ’

%\36 %\%Q %'L":a %1%6 %56 %\06

5[]
(a) FHTFKIEASE-HE

o AJEiE - WAL — PR S
100
80t
60

W/ (mies™)

40f

20+

O 1 1 1 1 5
2%\BE\’L%\%62%1362%1%6$%563%\0@

Fsf ]
(c) SFFEK A JE- 1

oo ARV FALE — PRI

W/ (mdes )

0 A L L L s
132\\361%\%61%1361%1%63%563?\\Qa

il
(e) LKA -

q00 - ANET = WRULE — PRETT R LR

w
(=3
S

[\
(=3
(=}

i/ (mdes )

—_
(=3
(=}

0 L i L L ,
2%\BE\’L%\%62%1362%1%6$%563%\0@

Fif ]
(g) M T0T 11 K P3N S - T

o0 IF T v B R AR D, iR A SR AR S

BN, TR K P A g 7K A8 A7 I i

[FENZ

AHER i o B SR AR, AR A K 3 i e e A

JE, 4EFF mR LT, BT a8k 4

o HHLE KA L VEYNDA

164.5 ¢« WAL R — PMRJ SR S50 o
O
iz
163.5 am
50 &
= O
51625 =
% =
{4.8 g
161.5 =
B
1605 ¢ < < < < 46 =
v
l%\?) ’L%\% ’L%’ﬂ 2%2% 3%5 39\9
iny G|
(b) FPHLEIK KA HE R
o TR KA — BRI SR AL

3109 BHTAREAHERCE — PHRDT RSO ) 03

=1}
)
i ]
309 | 0.082
= 10081 S
=308 =
2 10.080 gﬁi
=
3077 10.079 7
B
w6 5 | 5 5 L0078 %=

1%\3 %\% %’fﬁ %’L% %5 3%\0

AsJ ]
(d) SEPRAK R KA - HE
o FHE EE KA — PRI KA

410> BHUHEEFHERCRE — PR RFHECR - 0.050

=1}
9
i
409 S
10.049 &'
g @]
£ 408 =
2 =
10.048 &
407 =
.HJ
)
406a 6 6 6 6 60 047 E

7_%\3 9\% %7,'5 %7,% %5 %\0

fsf ]
() = HLBPAK 2R AR A -
o HHLIE KL — PRI SOk AL

179 . = WHOEBEGHEGE — PR SREHEICE | o 36 &
i
178 foas s
=177 S
eS| 1034 &
% 176 §
175 0.33 ﬁ
1
1746 \a 6 6 6 60 32 5

1%\3 ’L%\% %’fﬁ %’L% %5 %\0

B ]
(h) R 1 KRR S i

B3 BERRESHAERTRERTEKERETRE

Fig. 3 Operation processes of the reservoirs under the conventional operation scheme and the compromised operation scheme

*902 . KXKFR



F#, % WHREAEREGENRITYTHRAXTE#HS BARRLAE

Kl 4 7R T A K AL B 5 W iy TN A1 TP (1)
J iR R AR A R DA R AR R . R 4 Rl
IR HE T R 6 T TN D TP o e R 3 1 H
BAEH, OF BN RIA EE 5 58T 2 /> i 9 i o o
SR B PR K e H PR O e e R v EE AR R, e
XF b & BRME O T 2 AW A9 i AR AL T
W THT 22 B B TINRT TP U VA B 050 R 3 8
N, 3% FE B B PRI K R B R A A R, R

T, JE A AR T DU R T WK AR By
5 T T 1 9 o, LAV T TN ORI TP o v 3, iF
T /N ZE I bR K AR & A I nT BB . 3 AMIL Bk I8
T P o R A VD W T 1 K, LB T TN 1 TP
o AR R /DN 3k 2 PR (L Ak O T 7 5 1YL
TR U, % T RE A AKX K AR B i
RRES TR

= I — PR

O 1 1 1 1 )
QA Q QA QA A
2%\391%\%k1%7’3k1%ﬁ’k Eﬁsk%% o v
il
(a) V¥ T T g ot o

(=)}

JR R/ (mgeL™)
~

[\l

PR

0 L L L
v ! ! !
,L%\’B 'L%\% ’Lﬁ?ﬁ ’L%?‘% 'by\

Fif (]
() VHPEMr TN ik 281k

AN

0.40 ¢

= 0.20

o
E=0.10 F

W/ (mgeL ™)

O 1 1 1 1 )
'L%\galﬁ\%alﬁﬁaﬂ%?‘%a 3?\5639\69

Fif (]
(e) VDL TP By FEAE 1k

4000
3200

92400
£
1 600 |
ES

L
800 |

0 1 1 1 1 )
2%\361%\%61%2’56197’%6 3%563%\06

i ]
(b) AT 37 1ot

HeFE /(mgeL )

I8
HE\/

0 I I I I )
A BT et g st g ot

Fif ]
(d) AlrBkIr I TN vk B AR 1k

0.20

JE/(mg-L™)

0.04 +

0 1 1 1 1 )
2%\361%\%?\1%23?\1%2%?\ 3%5‘3\3%\0‘&

Fif ]
() Ak WT I TP Tk v AR 1k

4 BHAESHIERRTIVE UBLETE TN TP RERESRELNIIE

Fig.4 Variation processes of TN and TP mass concentrations and water flow values of the Shayang and Xiantao stations under the conventional

operation scheme and the compromised operation scheme

FICTH TR R B R/ YT RBUK 1T
U T8 A — R R, 5 KR B 2% T i
{IF) JE 383 = 10 W O B R 7 A — R B Y LT R

P 5 JR7 1 R B 7 SR EME J7 58 1 5 LB L
FERY TR AR, T U WP 7 98T 25 B |
KRN T E R 7 58, 22H R 5 163 m'/s.

Kx K% R 903



F21% #5538 WALASAKARKCEE) 2023 4 10 A

AT 8 LA BE J7 58, BIMIR 7 58 n] RLAE 80D 51 VL Y
UG 7K Gt B BE Al b8 3 Y3 0K 2 RO A
JEA IR FK AR B P ) H A

400

- WA — PR
[
300}
E 200
]
ES
100 -

0 1 1 1 1 )
v v & ! v v
19\3 2%\% 2}3;[5 ’L%l% 3}\5 3%\0
s ]

5 BHRRESHERRTSIIFXIE
SIkREENITE
Fig. 5 Variation processes of water flow values of the Water Transfer
Project from the Yangtze River to the Hanjiang River under the

conventional operation scheme and the compromised operation scheme
AJ
4 H5iF

AR SRR AT ) i = SRR R K TR Z Bsth
A8 5 B SR ] NSGA-II 5% HE A7 5K A, A7 94
FEH bR B SE 4 6 &R, DADUYE R 2017—
2021 4F A 7K 11 1) 2% 45 7K A2 4o S 4 TF T A S A
7%, PP 20184E 2 H 13 H&E 3 H 9 HiykEH
0 B R AT 07 X Ll e b, AR R LA
/I

& HL B AR AR AR 1 B AR 2 IR OC R, 1 i
FEMWEE BArS LK EFUKER B R R
FRR, WIE ST 25 RE 24> BARazs 1)
B A

SR (5 % D) AL, IR ARG HER R
BN EOFE A) TR ZESIEEH COo, X5
WD T 1.56 Gg( IR M 1.2%) 5 & WL FK AR 5 H
PR AR5 5 (F %8 B) R /K HL sk B & L 38
T 0342 kW-h(3EIE N 4.5%); AT E T (7%
C) 3 A~ BARE AR B0 T 5 RLIE B, S % H &3 in
0.15 12 kW-h( 34 g Ky 2.2%) , Jid = <Ak o,
MR/ T 10 J7 ke, K AE B 458 W T A0 R S48 AR
A A S A

FH AR B 5 R 58 0 R B A AR A A L AT
N, BN 8 R A O T R K A e K A B
7, BT T LB 8E . FHI UK R H P B
i Y €S e e (S I UKy R A A NI R

* 904+ KX KK R

ANELZTHBR T WK AR A i T REE

N T ERIOK TR P8 BT vk, LUK B i
A SRR H B, A 2 FARDI AL U BEAS Y L
i = A | R B EEA A H  BAR, I AT
O W SR T 5 DX ST R S IE ST, X EE 3B AL
JE 75 S 5 0 AR B 05 98 Z 8] Y H A &k 45 22 57 55 0
BERE R 25 5, WESE R AT oK T AR 2 BRI A BE
TP E

S 3

(1] ELLHy, B4, 5k, 5. K-BEIR-HR A 22 0 &
T K R B [T]. ma /KA IE 5K FIRHE (o
), 2023,21(1): 13-21. DOI: 10.13476/j.cnki.nsbdgk.
2023.0002.

[2] GRINHAM A, DUNBABIN M, GALE D, et al.
Quantification of ebullitive and diffusive methane re-
lease to atmosphere from a water storage[J]. Atmo-
spheric Environment, 2011, 45(39): 7166-7173. DOI:
10.1016/j.atmosenv.2011.09.011.

(31 29, B MUK S SRDTFERIK AR L 0T
e Tk St L. KRR, 2022, 53(2): 139-153.
DOI: 10.13243/j.cnki.slxb.20210715.

(4] AEIBL 2O, ZATH, 25 VR TIRRPUK PR KLy
REAE B O 7K - ST COL tt ) 50 [T HbBR 5 50
1%, 2023, 51(1): 36-46. DOI: 10.14050/j.cnki.1672-
9250.2022.50.069.

(51 XRRRF, R, i, 55, )06 5N AR R KA
NLOHE R il B 3% 2l N 3% (7). A= 25 27 4l 2021,
41(23):9305-9314. DOIL: 10.5846/stxb202004291043.

(6] ZERR, 27, WM, 45, KT WK BUK ZERRHE L
A 04T LAIPCCIE SRl 2 ARG S48 ik
il [7]. W19F )2, 2023, 35(1): 131-145. DOL: 10.
18307/2023.0108.

[7] KELLERP S, MARCE R, OBRADOR B, et al. Glob-
al carbon budget of reservoirs is overturned by the
quantification of drawdown areas[J]. Nature Geo-
science, 2021, 14(6): 402-408. DOI: 10.1038/s41561-
021-00734-z.

[8] MENDONCA R, KOSTEN S, SOBEK S, et al. Or-
ganic carbon burial efficiency in a subtropical hydro-
electric reservoir[J]. Biogeosciences, 2016, 13(11):
3331-3342. DOL: 10.5194/bg-13-3331-2016.

(9] 5KAW, EatUl, B AWM. /KIFEEM Sia T E <k
HERC Y S (0], IRBEREF 2741, 2022, 42(1): 298-


https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0002
https://doi.org/10.1016/j.atmosenv.2011.09.011
https://doi.org/10.1016/j.atmosenv.2011.09.011
https://doi.org/10.1016/j.atmosenv.2011.09.011
https://doi.org/10.13243/j.cnki.slxb.20210715
https://doi.org/10.13243/j.cnki.slxb.20210715
https://doi.org/10.14050/j.cnki.1672-9250.2022.50.069
https://doi.org/10.14050/j.cnki.1672-9250.2022.50.069
https://doi.org/10.14050/j.cnki.1672-9250.2022.50.069
https://doi.org/10.14050/j.cnki.1672-9250.2022.50.069
https://doi.org/10.5846/stxb202004291048
https://doi.org/10.5846/stxb202004291048
https://doi.org/10.18307/2023.0108
https://doi.org/10.18307/2023.0108
https://doi.org/10.18307/2023.0108
https://doi.org/10.1038/s41561-021-00734-z
https://doi.org/10.1038/s41561-021-00734-z
https://doi.org/10.1038/s41561-021-00734-z
https://doi.org/10.1038/s41561-021-00734-z
https://doi.org/10.1038/s41561-021-00734-z
https://doi.org/10.5194/bg-13-3331-2016
https://doi.org/10.5194/bg-13-3331-2016
https://doi.org/10.13671/j.hjkxxb.2021.0545

FH, % WHEZFAEGENIGIFTRATERS ERRMAREE

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

307. DOI: 10.13671/j.hjkxxb.2021.0545.

YT, Wi, B4, & =K IEECO,, CH 8 &
W5 B 52 [1]. 1A R, 2023, 35(2): 423-434.
DOI: 10.18307/2023.0205.

Zegl, FHE, BTG, S5 DU R KRB AR TS
A B W SE LI]. WA BL 24, 2022, 34(3): 740-751.
DOI: 10.18307/2022.0304.

T[T, H A, SRS, S EOK SCMUE AR AR AR
HIFHL K Z B AR AL BE (I]. ma /K AETE 5K
FIRHE (h3230), 2022, 20(6): 1041-1051. DOL: 10.
13476/j.cnki.nsbdgk.2022.0103.

FARSR, TR, FERA, S MRS KO B R 2T R
B A 25 8 BE 9 0] KL IE SR R RHE: (ha
0), 2018, 16(2): 14-20. DOI: 10.13476/j.cnki.nsb-
dqk.2018.0033.

T, AR, out, 55, BER I 2 B bRk IR R
SRR K Ry (0], P K G 5 K R RN (th3
30), 2023, 21(2): 258-266. DOI: 10.13476/j.cnki.ns-
bdqk.2023.0026.

e, X, FZE0, 45, SR iC A iR Y
DULH R s B # 08 BE (I, ma sk AL 5 KRB
e (P9E30), 2023, 21(2): 324-331. DOL: 10.13476/j.
cnki.nsbdqgk.2023.0033.

GB 3838—2002. b F 7K P58 it it Amvf [S]. bt
b E PR EERRA AR 2002.

GB 8978—1996. {5 /K& HEHARHELS] . bt Hh
Bt ekt 1996.

A gk, W, o, 5 DUTFRK SR TR 5
IR PEZK B IR O AE FE i (M. b5t TR KRK
Hi HH AL, 2020.

IPCC. Climate Change 2014: Impacts, adaptation,
and vulnerability. Part A: global and sectoral as-
pects[R].
Change, 2014.

CHEN H, YUAN X, CHEN Z, et al. Methane emis-

Intergovernmental Panel on Climate

sions from the surface of the Three Gorges Reser-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

voir[J]. Journal of Geophysical Research: Atmo-
spheres, 2011, 116: D21306. DOI: 10.1029/
2011JD016244.

ZHAO Y, WU B F, ZENG Y. Spatial and temporal
patterns of greenhouse gas emissions from Three
Gorges Reservoir of China[J]. Biogeosciences, 2013,
10: 1219-1230. DOI: 10.5194/bg-10-1219-2013.
YANG L, LU F, WANG X K, et al. Surface methane
emissions from different land use types during vari-
ous water levels in three major drawdown areas of
the Three Gorges Reservoir[J]. Journal of Geophysi-
cal Research: Atmospheres, 2012, 117: D10109.
DOI: 10.1029/2011JD017362.

ZHOU S, HE Y, YUAN X, et al. Greenhouse gas
emissions from different land-use areas in the Lit-
toral Zone of the Three Gorges Reservoir, China[J].
Ecological Engineering, 2017, 100: 316-324. DOI: 10.
1016/J.ECOLENG.2017.01.003.

ZHU D, CHEN H, YUAN X, et al. Nitrous oxide
emissions from the surface of the Three Gorges
Reservoir[J]. Ecological Engineering, 2013, 60: 150-
154. DOLI: 10.1016/j.ecoleng.2013.07.049.

DONG X H, ANDERSON N. J, YANG X D, et al.
Carbon burial by shallow lakes on the Yangtze flood-
plain and its relevance to regional carbon sequestra-
tion[J]. Global Change Biology, 2012, 18(7): 2205-
2217.DOL: 10.1111/j.1365-2486.2012.02697 .x.
ZHOU Y L, GUO S L, CHANG F J, et al. Boosting
hydropower output of mega cascade reservoirs using
an evolutionary algorithm with successive approxi-
mation[J]. Applied Energy, 2018, 228: 1726-1739.
DOI: 10.1016/j.apenergy.2018.07.078.

DEB K P A, AGARWAL S. A fast and elitist multi-
objective genetic algorithm: NSGA-II[J]. IEEE
Transactions on Evolutionary Computation, 2002, 6

(2):182-197. DOL: 10.1109/4235.996017.

Multi-objective optimization operation of water projects in the middle and lower

reaches of Hanjiang River basin for greenhouse gas control
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( State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, China )

Abstract: In the context of global climate change, greenhouse gas emissions from water projects are received

increasing attention. The impoundment of water projects submerges soil and vegetation, causing the degradation of
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the inner organic matter to produce greenhouse gases (CO,, CH,, N,0) and discharge them into the atmosphere. The
drawdown area which is repeatedly flooded and exposed affected by the regulation of water projects is also a "hot
spot" for producing greenhouse gases, while the organic carbon buried in the sediment of water bodies can store
atmospheric CO, thus forming carbon sinks in the short or long term. The assessment of greenhouse gas flux of
water projects is a research hotspot, and the existing monitored data can be used for research.

The middle and lower reaches of the Hanjiang River are important ecological and economic zones, and the
development of society has damaged the health of the rivers in this area, for example more than ten algal bloom
outbreaks have occurred so far, which is not conducive to the high-quality development of the basin. A rational
operation of water projects is beneficial for alleviating algal bloom outbreaks and reducing greenhouse gas
emissions. In order to effectively improve the ecological environment and ensure high-quality development of the
watershed, multi-objective optimization operation research is always carried out to explore the optimal operation
mode of water projects. However, most of the existing researches focused on ecological indicators such as
ecological water demand, ecological flow change degree, fish habitat, and algal bloom prevention and control,
lacking the consideration of greenhouse gas emissions. In this case a multi-objective optimization model that
comprehensively considered power generation, algal bloom prevention and control, and greenhouse gas emission
control was established to explore the optimal operation mode of water projects.

To solve the multi-objective problems, more and more researchers are using evolutionary optimization
algorithms, among which the non-dominated sorting genetic algorithm (NSGA-IT) with elite strategy is the most
representative, which can reduce the computational complexity of non-dominated sorting methods, has advantages
such as fast running speed and good convergence of solution sets, and has been widely used in the field of multi-
objective optimization of reservoir operation. Therefore, the NSGA-II algorithm was used to solve the proposed
model.

The results show that the objective of greenhouse gas emission control was in a competitive relationship with
both the objective of power generation and algal bloom prevention and control. Compared with the conventional
operation scheme, the optimal operation schemes can achieve improvement in some indicators. Among the three
optimal operation schemes, the compromised scheme can achieve improvement of all the indicators, indicating the
effectiveness of the proposed model. The analysis of the operation process during typical events reveals a close
relationship between greenhouse gas emissions and water level fluctuations.

Using the established model, the net greenhouse gas emissions of water projects during the operation period
were estimated, and an optimal operation scheme which can achieve better benefits compared to the conventional
operation scheme was found. The results can provide technical support for achieving the optimal operation of water

projects, reducing greenhouse gas emissions, and repairing the ecological environment of rivers.

Key words: optimal operation; greenhouse gas; water engineering; intelligent algorithm; Hanjiang River basin
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