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Tab. 1 Flow discharge grade and value for different water use periods
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Tab. 2 Weight of water quantity level indicator

Ay 1 2 3 4 5 6 7 8 9 10 11 12
Apiat/ (mes™) 360 320 511 912 1235 1265 2395 2029 2367 1650 739 448
BhME 0.064 0042  0.062  0.08  0.067 008  0.09 0101 0117  0.139  0.082  0.061

KX KK /R 1043 -



£20% %o ARG ARABHCFHEO

2022 £ 12 A

R 3 RERINERFGERINE

Tab. 3 Screening and weighting of hydrological alteration indicator
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Tab. 4 Multi-objective ecological operation schemes of Danjiangkou Reservoir
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Fig. 1 Multi-objective optimal operation results of Danjiangkou Reservoir with different schemes
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Tab. 5 Multi-objective optimization results of Danjiangkou Reservoir with different operation schemes

S AEH DK R ACm’ A UK Weh IKSCHUE A A FEFRWQL IKSCHUE A AR PRHA %
WA TTEA 86.61 32.25 429 96.98
Ptk %B 83.76(—3.29%) 32.58(+1.02%) 4.68(+9.09%) 117.92(+21.59%)
Pefkirsc 94.40(+8.99% ) 29.27(-9.23%) 438(+2.10%) 80.66(—16.83%)
Ak )5 %D 86.35(—0.30%) 31.60(—2.01%) 4.52(+5.36%) 94.74(-2.31%)
iz ES 87.14(+0.61%) 32.19(-0.18%) 4.43(+3.26%) 95.96(—1.05%)

IE: “O7 WAB T RS AT RALE.

SR AB.C.D SRR AT EA
HIHEIK . A H R AT, (B A S8 R WQL R/,
HA 8K, X2 8P TNl K m A, PRIk
W B AR B S, R A TR K AR AR . AT
Z B Ul FH WQL MA S HiR, 5SBAME T
FAM L, K 3.29% 1 LK & WQL 42 & T
9.09%, {H A% [EF] HA & KM . 7% C it
KA SRR ERAR Y, (B4R Sl /N [A]A,
HA /N g3 b AR Bl ik 42250 R AR SR oK 1 i 3l
ANBESE K E A 0 DI RE, TG R R
BN FEIL aE, Ji  FR AN  EEL 2 H IR OR A
WUt S . % B M % C WS RIER, 27 R %
P A SRR S RBU SRR E,
JIT LA RS [) B 28 s RS K SCUE AR S 48 bR . TR D
F ALK 5 IR O R A B9 KR LA TR, &
A 2.01% (B GLED, PAS K SCRCAR A= 8T8 Rl
bR AR #—k, %% WQL iR T
5.36%, ia il sh 25 5% HA W0 T 2.31%.

J5' % D B AR O] LUAG 4 [ IR ol 38 W A S48 A5,
R T —E LBt . HE—2, NTE DM
Pareto iy, k2 F-HR ALK & AL 45 S A T
22 A FH R HK SCHUR A= 3546 A elodk i) S Ve S R
T B () B bR S “Brit-Hok RS- H”
AH PRI B 4 E O 58, Ho B AR R bR WQL 2 5
3.26%. it I 2 5 HA R 1.05%, H KA &

+ 1046+ KX KK R

RS P, SR S0 I A ) B 0
JE R AR, AT T8 S PR K AR AR s AT, 52
BBy kK AR 2SR AP B B
4.3 A FIE LR phag

TR A ARy, X B R B R e T R
JKASE P H e FR LR ULIE] 2, ] AR B K 7 JE 401 A0
AR B, A 32 E KA LB it BRI K A7 1 2 B
X EE T G A DA 2590 AR R R, R
IR G 0 N 2 & &l S D = L = e S A ]
BN D o AR T R AE IR E AR (2017 4F)
B0 A K B, D R I R R AE R K B AF 1y
(2015 47 ) S T 1k o 5 A A T 25 AR KA
A2 v TR AR 7 U 5K (2018 4F) o HEFEVEEE T
SR L IAT R B T SR AR I A A, U
M B HN, AR T A Rt R . X AERES
PRUFARAE K i AR AR, T 78 3 I I AR
DA K A S A ) AT o 7208 5 28 00 3 o b 3
55 B0 AT & RARIRAS, a0 2015 4F 3—6 H A 1L
PR B D7 FE AN A% BR 29 BRARIE 490 m'/s 114 T 3k 3
MR ILT B MR TR RA TR
T30 2 i O R I 3 2400 B

CEAVARAERE Jr 00T I R Y N Sl
5 RIRIRS 2ZBE RN, BEAR T K SO SRR B, fig
A AR RS DU T U A K AR AR



IFAT, % FRAXKEESHERNALOAES BRBAREE

IEH &KL

BRI AL

v

(a) 2015 47K A

o AL

A 15
Ttk

=)

i

U5

0 1 1 1 1 1 1 1 1 1 1 1
N N > > & 5 © © © Q a ®
Q\’Q @"Q 6’9 QVQ @'Q QWQ 6\9 Q%'Q @9 \Q'Q \\'Q \'VQ
N SO N N N S A
» » > 3 ) ) ) 3 ) ) ) )
H 1
(b) 2017 AF7KAL ., TR B Rk
1 . . WBRAKA - T TTTTTTTTT
| Bk X

—

(c) 2018 47K A
TE: JONIA TR RO %

B2 FASIO7KEE 2015.2017 F12018

il R

= st
/ﬁi pUR S

FREBITKEL T %

Fig. 2 The operational water level and released flow hydrographs of Danjiangkou Reservoir in 2015, 2017 and 2018 typical years
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Abstract: The construction and operation of reservoirs changed the downstream hydrological regime and affected
the reproduction of aquatic organisms. The current multi-objective reservoir operation models maximized the
economic and ecological comprehensive benefits which only quantify a single ecological flow index. However,
downstream river ecology is not only reflected by the magnitude of the streamflow, but also affected by the
hydrologic alternation. Hence, it is necessary to explore an optimal operation scheme that can balance the objectives
of flood control and economic comprehensive benefits and reduce the negative impact on the downstream ecological
environment.

Ecological indicators that could reflect the downstream ecological water demand and fluctuation were
constructed according to the indicators of hydrologic alteration (IHA). The degree to which the monthly average
outflow discharge met the water demand stipulated by the Tennant method was quantified as water quantity level
indicator. The daily scale IHAs were filtered and simplified to reflect the flow fluctuation, and the fluctuation
deviation between the outflow discharge and the natural flow constituted the hydrological alteration indicator. Water
quantity level indicator and hydrological alteration indicator were selected as ecological indicators of hydrologic
alteration. The greater the water quantity level indicator with the high flow grade is, the better the ecological benefit.
On the other hand, the smaller the hydrological alteration indicator with the less flow fluctuation, the better for
reproduction of aquatic organisms.

Four objectives, i.e., water supply, power generation, outflow discharge and hydrologic alteration, were used to
optimize the operation of Danjiangkou Reservoir, in which the flood control task was taken as constraint. The water
transfer volume of the South-to-North Water Transfer and the north Hubei water transfer is collectively referred to
as water supply, and the outflow discharge of reservoir include flood discharge and power generation. The Gaussian
radial basis functions were used to fit the reservoir operation rules, and the operation model with different
combination of the objective functions was optimized. The water supply, power generation and two ecological
indexes under different schemes were calculated. Based on the current operation schemes of Danjiangkou Reservoir,
the dialectical relationship between each index as well as the pros and cons of each scheme were analyzed and
compared to find the best scheme.

The application results showed that: water supply benefit was negatively correlated with power generation
benefit and ecological indicators; power generation benefit was coordinated with water quantity level indicator, but
contradictory with hydrological alteration indicator. In each scheme, the best multi-objective optimal operation
scheme considering water supply, power generation, water quantity level and hydrological alteration simultaneously
could effectively improve the two ecological indicators on the premise of maintaining the current benefits of water
supply and power generation unchanged. Effectively improving the two ecological indicators was conducive to the
water ecological protection and the reproduction of aquatic organisms. The outflow discharge of the best scheme
was much larger than the ecological baseflow and the minimum ecological flow, and almost reached the optimal
ecological flow, which could satisfy the needs of natural reproduction of aquatic organisms in the middle and lower
reaches of the Hanjiang River.

The water quantity level and hydrological alteration indicators based on IHA were proposed and included in the
multi-objective operation model. Compared with the current operation scheme, the proposed reservoir operation
model was able to reduce the negative impact on the downstream ecological environment with less data required.
This practical approach could provide a reference for the multi-objective ecological operation of Danjiangkou

Reservoir.

Key words: indicator of hydrologic alteration; ecological flow; multi-objective ; optimal operation; Danjiangkou

Reservoir
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