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Abstract: A multi-objective comprehensive evaluation index system was established for the ecological restoration of the artificially recharged water-
deficient rivers. The related impact factors were comprehensively examined, and two key factors were identified to quantify the index attributes and
evaluation consequence. A multi-level and comprehensive weighting approach was proposed in determining the weight coefficients of the index attributes.

A framework for scenario-based multi-objective comprehensive evaluation on the ecological restoration was then suggested which could better address the

study, the established evaluation index system, the proposed approach, and the suggested framework were applied to demonstrate their rationality,
feasibility, and practicability for ecological restoration of the artificially recharged water-deficient rivers. It was concluded that the proposed framework and
approach had implications in multi-objective decision-making of the river ecological restoration under the conditions of artificial recharge and other
pertinent applications.

Keywords: water-deficient river; artificially recharged rivers; ecological restoration; multi-objective comprehensive evaluation; multi-level and

comprehensive weighting approach; Yongding River
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( Comprehensive evaluation index system for
ecological restoration of rivers with artificial

recharge )
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Table 1 ~ Comprehensive assessment indicators system of river ecological restoration
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3 EMNEZSERESHE (Determination of

multi-level comprehensive index weights)
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Fig. 1 The framework of determining the comprehensive

weight coefficients
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4 KREFMESMEE LB R (The case study for

ecological restoration of Yongding River)
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Table 2 Scenario schemes of ecological restoration for Yongding River

S X, X, X, X, X;/m® X¢/ 1T X,/ TG Xg/(FTT-a™)
P, 49.26 0.90 0.08 27% 308.98 1458933 112926. 10 4710.78
P, 59.42 0.13 0.11 40% 387.38 1468949 139931.70 5972.39
Py 62.53 1.26 0.32 53% 430.98 1574051 152044. 10 6610.78
P, 52.16 0.96 0.10 32% 346.87 1530274 133873.20 5073. 61
P 55.42 0.11 0.10 35% 355.62 1530274 135873.30 5592.41
Py 61.93 1.18 0.28 44% 412.12 1558949 140599. 80 6230. 50
P, 58.98 0.12 0.11 38% 369. 21 1554013 138828. 00 5922.19
Py 60.75 0.15 0.13 449 402.56 1479077 139992. 30 6013.75
P, 65.86 1.30 0.35 53% 440. 56 1589077 155327. 10 6733.75
Py 50.49 1.00 0.09 30% 315.54 1523915 113432. 80 4722.58
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Table 3 The weights of the relative importance
KHREE H AR 0.25 KRR EFRAL X, 0.3333 CR =0.0158 0.0833
R AK LR B T5 Y RS R 3L X, 0.3333 0.0833
H R KK BER G5 g KU 8 4L X 0.3333 0.0833
2SR TS 0.50 K 2 X, 0.4616 CR =0. 0008 0.2308
T AMKE X 0.0769 0.0384
A B S5 MM E X 0.4615 0.2308
2 HiR 0.25 HERMEE ER TR X, 0.3333 0.0833
AP s T X, 0.6667 CR =0.0208 0.1667

T HARRGEE ) —EUER 45 A CR =0.0942.
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4 TMIEREANERIEIE
Table 4 The weight coefficients of quantitative accuracy

wEE X X X X Xs Xq X i —EERR

TER A 0.073 0.0779 0.0199 0.1379 0.0285 0.1219 0.2104 0.3285 CR =0.0889
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(ECES 7, U A 2Rt A, DU HAS R,
ZINR. PR 4R bR 0945 B R AU A E 4 R Nk S
Fi7R.
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Table 5 The weight coefficients of information

EIE‘*/% XI X’Z X} X4

Xs Xe X; Xg — BRI

{SEREKE  0.1505 0.1563 0.0921 0.1846

0.0611 0.1218 0.1114 0.1222 CR =0.0046

4.1.3 HREHNERZE EMNEAL FLREZH
ZHMmEERE @S, IO R AR A
Xb e FAR I E A 8 br AL B MERR P SR AR TR R
W E AR A > SRR > 5
Bt (P >30T . it il R TIE
(AHP) FIIKr 15 2 58 b 09 5 20 AL A HERf M (5

SR 280390 0. 7014 0. 2132 .0. 0853 (CR
=0.0463 <0.1).

4.1.4 HANE WX RN TS AR A S A E
CREXTEE 22 ) A IR (8 1t Ak ) L B 14 R 4
PrfE ) AR LR A 10, 28 A PE M 48 A i
AR (D) ST R ZE I (R 6).

*k6 ZAWERH
Table 6 Comprehensive weight coefficients
MR X, X X X X, Xq X A kR
ZRAMEE  0.0967 0.0984 0.0798 0.2130 0.0424 0.1982 0.1001 0.1710 CI=0.0103

4.2 7RI K7 F VR

SRS UEAS SR ] 9 AR S AE 2 PEAN 48 bR AL
22U E iR A B RN T AT B R IR AR AR
7 53R 2 MR T B R s AL fER PEALE
AFRFIC/IN, 18 2 AH IO A AR 15 2 115 BB RN, 7 1t il
MR T — AR EREA T B3R 7T (BRI R EFEA
SRR EREAKT N bR 2 (B 1R 22 0 Bl E 0 ~45% 2
[E]) |, S B8 UE PEAN F5 bR A FE 8 4 1 A B, X T AR o
FEATT 22 EL 45 N T2 W53 Bk (AHP) A 15 3] Y
R R BN A B BT 28l e
BT BBV HEF 45 R X TR ZEFEA T EH
PEEE R PR 2R 2L (B PR EARE AR AL R %)
S G 258G BCE R TR A 7 RPN

5. BT o TR R 22 AR TR 8 PR AR AR B0
RG2S HERE A TR B 5 R W HE 44 22 0
/N ZERE R /DN BB P f 45 SR 55 45 WA AR A 2
TR s ) Z IR, 3 PO RO T 10 ZHEP 45
Rk 8 FiR.

T 8 FILAF H, TR 22 FEAFE AL EE 38 )5 1158
BRI 7 R B HEZ T B 5% 0 FE AR HE 7 5
FHEZ KT A IE 220 (B - A) J& 1.3, iR 2ZEHE
ARPEERTHER T C 5 %5 W e bR E 7 e HER Ik
AR (C-A) JE2.6, BT TR
FEATEAE W3 J5 HE UOF B 5560 0 FE AR HE D7 58
FHEZ RIF A A F-2 25 85 SR /N TR 25 REAS 72
BHTHEZ T C SRR ERTES R HHEA T A
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7 E TR S bR AR A3, HLFEAR KRR I
P T VRN AS R vER . Rl BGHEFRT 5 44 191
SO RN T LA W HET AT S A RO &R
TERCE P 5 HES UOF B 5060 W A6 A5 ey %8 vh
BT A W22 (B - A) & 1.0, T B 5 415 5

5 BAEV L ETHE 4 Y C 5 06 0 A8 A oy %2 b
FURFE A B (C - A) 2 3.0, W RIE T
TR FE AR AN T 25 6 1 5% 1) b 2 1 B R 3K S B TR
SEOL 0 A B, U3 RH 3 I B — Y B 30 Y
U RECGHA TN, HATA 25 A 5 SRl SR 2z [|) ]
REAEAEAE Y KA 22

RT HEREAR
Table 7 The standard samples

S X, X, X, X, Xs/m? X¢/ FTC X5/ T 6 Xg/(JiTG - a™t)
P, 30.28 0.61 0.04 23% 200. 84 1167146.40  107279.80 4210.78
P, 39. 81 0.09 0.06 33% 240. 18 1131090.73  128737.16 5793.22
P, 40. 64 0.88 0.18 42% 258.59 1180538.25  136839.69 6280. 24
P, 36.51 0.72 0.06 27% 225.47 1224219.20  127179.54 5073.61
Py 37.13 0.08 0.06 29% 220. 48 1178310.98  125003.44 5424. 64
Py 40.25 0.83 0.15 35% 247.27 1169211.75  126539.82 5918.98
P, 41.29 0.09 0.07 32% 239.99 1243210.40  131886. 60 5922.19
Py 40.70 0.11 0.07 37% 249.59 1138889.29  128792.92 5833.34
Py 42.81 0.91 0.19 42% 264.34 1191807.75  139794.39 6397.06
Py 33.84 0.75 0.05 26% 205. 10 1121932.00  112511.16 4722.58
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Table 8  Comparison of ranking differences

FES A B Tf_jiﬂ)ﬁ C T éﬁiﬂ)ﬁ
1 P, Py 1 P; 3
2 Py P, 1 P, 4
3 P, P, 2 P, 2
4 P, P, 1 Py 2
5 P, P, 0 P, 4
6 P, P 2 P 2
7 Pg P, 2 P, 4
8 Pg P, 2 Py 2
9 P, Py 2 P, 2
10 Py Py 0 Py 1

T2 1.3 2.6

TE A ARUHEREA 7 58, AT R T 2L 4% (A AHP J7 ik
Wis B R ARG A G 5 SRR AU B, AR AR S 1
ZIRPEFARE T EHIN; C RGN 5707 SRS B AR
# AU AHP J7 k0.

5 C R ARAELE S PPN I AE R 1 HIER 2 g
FOTEAFS R P, >P, >P,>P, >P, > P, >
P, >P, >P, > P, (* > " FmkTF).

ZEATICGETT AT E R IR (P BE 14,2 km)
I T 2 i AL) R 1 S /K T TR 2 Y 40% |, 48
WY 14.2 {070, CBEE R X BLE i A SB R
g B, Al S F A KT 5 T RURT Ak T FRAH

X ARG HCHERS 56 1 I s %6 P 5 SLPRIE
HEFTXT LE , 5 1 B P18 5% 52 T i ) 7 T T A
30% , W/ INF SRR K T A (HS % 11,5 1478,
W /NTF PR TE . RS st ek AL 70% , %
BRK AN EA U Ry S i, Xt 5 H AT EAE R 1R 7k E
T B AT K W, e &7 i A= 28 o — 3. 5
Hh MOKIRES ARS8 B 48 58 d e Fn 4k 4 45 B 9%
SO, P e R R HGASTEM S RIE T e
2.t — 2B U T AR SCRTIR 2R A RN O ik
FO TSR A BT AT

5 #5i2(Conclusions)

D) ARSCHESE TR E BT AN K ST B K
TR AE BRI SR bn R &R, BT e 45 s L 50 H vl
e, AR BRI 2R Ve S R ek, O fifk R kK T
WAES B E Z Hbr i & W0 R 52 4t 1 o 2
fih.

2) e A4 4 B AN £ 0 S T 1 B 4 T Ml
T8 TR TR B A B AN TR D T, A B O B
KA B P AU PR 15 7 IE B R S T
FLA T IF R R ROE R, LA AZ G B S /Y
NTAMK AT B BRI A S8 2 25500 5
TARE Sy i fifp ok 22 FUAR RS P i) B H A i A R L

3 )t i AT AR A A 5 T AR SR 4 1 0 A, S
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