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Abstract

The comprehensive river improvement project has become one of the important tasks in the process
of urban and rural construction in recent years. In order to promote the development of the com-
prehensive river improvement project to a higher quality, it is necessary to conduct a comprehen-
sive evaluation of the completed projects. According to the characteristics of river improvement pro-
jects, this paper comprehensively considers the influencing factors in river improvement projects,
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and establishes a multi-level evaluation index system. The multi-level fuzzy comprehensive evalua-
tion method based on Fuzzy mathematics is selected as the evaluation method, and the Analytic Hie-
rarchy Process (AHP) is used to determine the index weight. Taking a village-level river course in
Shanghai as an example, various indicators before and after the improvement project were counted
and relevant experts were invited to assist in the evaluation. After fuzzy comprehensive evaluation,
it is concluded that the evaluation result of the project is good and conforms to the actual project.
The index system and evaluation methods established in this paper can provide references for the
evaluation of river improvement projects.

Keywords

River Regulation, Index System, Analytic Hierarchy Process, Fuzzy Evaluation

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

TR AR R R AT e i Em st hr, FERRECE AL, Sl RE D, AAAEKRE. B
WHRREI VIR K Z 2 Eil EMZ ARG, oK E SRR Rk, NERHUESA IR EA T
Tt LA AR S R G AT RE . TTTEREIR AR BRI R LA, 3l 8 B A ST BCR AR
BRTBG MAFIT NS A0S RN B AP SR A B E Y B i A g AT 4 . el T IE R
WL RAAN. &S, B2 TR, HmERn TR EERBR T TREMERE. 2
REZTNHNER, FILHEED HAR TRRNZEE PR AE T E G TRNZEE L. H A TiE
IR TR AT A B TE. EEINE. BIEMEANE. BN INE LG E VNESE.

FURSE NN 1 By A 2 DU VA7 B L T S X T I B A K B G IS 0, 5B SR R 73
BHESRICE 1K BEAR T I 7y, BRI OB 25 & PPN 0T T8 ¥6 B T 5 K B AR A 15 DL AT 45 5 O PP
1] EHEFENKH TR RS IE LIRS VEINE, AIhEENE. SOk AR R 5 RPUAS 7
M, M7 AESTRESUREATN AR, RGNS X A SRR RARET RO, IR R
BUEA A BIBEAT RBITFU[2]. 22 EMEE ANTERIR TRNET KR kg a3, SEAH
H AR GEIRDUAN T3 T (U520 A A B SR AT AHP VAR E 1% FEAR PR AORCE, JF AT 25 o VP RIZ0RE e k1P
Wraabre A s EVENT AR, JEAL T ITE VG B CARAL S S M AN R R3] R 25 S84 NBE Xl i a7k
HBIRFAE, R ARG MTE R LKA, MKBEEEROR . KSRGS R AR s = J5 1,
VPO I X TRE KA S 25 5 B ORI TR A R S ECAPPI A, JRR PR R A T i 11 5%
TE KB A BB ORIV [4]. B AT RIIEN TR AA TN SR b A RA T . AR BFREX
PR B BRI ESE A, DR R XA TE A TRV A R AN TN IR IR AT I

THEEIG TR RBOR, $a . Q5. S LT FEE R REL TR, ARER P T E vk
aUE R AT, BOMIZR S VPSS ARG, RGUMERGR, REVS IR I AR R VF A i A vh i A7 A2
BRI . LA R RE R PR 1 R S RO SR & PR T VE ARG &, BEWS IR K S AR 554 1
BEAT R G BB R A L TE G TR AR, A B TiERGA TR 3 B DU BB Ty
BRI BE— PR . ASCE L T 58 BRHARIE B0 TREWMMA R, 4562 RS E fibr
B, DIBSIZR G VRIMZON TR, THE T B i BG TR PP 45 28
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2. ek iE REL[5]-[12]
2.1. ¥gHRI%EEURE

NARIE I 75 10615 A A 6 5 48 vt b S T8 B0 TR R SRR R R, (R b i 480 TR 4 A 04T
Moo AT RESE R DL S BURF R SR, AN F b 0 i 00 2500 LA AR 5 )

1) M

TR R AR PN HE b 7 XA iR I TR S A5 U TR B AT VR, REAE AT S R TR AOR
B TRE S IR IR SRR .

2) &M

P BB P AR 75 B S5 2 R R, BEIE/E— e R L WO R R AR T o B AR [ 1
BLE BART A TR, 7 Bk e s A % TR IR R AEVE AN 45 5 o

3) WA

PPN FE AR IOV B S VA TR R E I, P VORISR I, RO IR 4k S AL )
FERR B AT 2 B A s TR R
2.2. iR AR

PPN FE bR R R L T A DL RIS, KRR R A =R TR R AR TR TR RR .
IR AR . Jo TR BCRISF RS K R B, S, Bl 2RSS 5 AN, TR TR
FLFG TR R TWSH]. SahE T2 3 ANy, B E4EY b G fm & AN 5 W4Ey i 7, Bk
PHMAE R LA 1,

Table 1. Evaluation system of river improvement project
= 1 OMEERTIREITNGR

HEEE HENLE — R — R Ve
e AR . HE AR
KR B TKE 2
RS EPEVER
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s . A
Rtk EPEVEM
PR EPEVE
g KR KRR
#5 Fh b FEe fHlR. T8 S
a TR e P
o PR TR LRI
g SN e M
s TR abi #
e SEREVEA
BRI SEREEAT
SRR SEREEAT
3 Skt SEREVEA
ATk SEPEREAT
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3. MG IEMER 7 HIE[13] [14] [15] [16]

RO 25 & PEFI R SR RE 00 A R FL 52 Z M A RS )Y, BERS S5 625 18 & J7 I DX 3R AL B AT 421
TR, R TE (AHP) & — Tl F DR 7 e — X G & FR B AR B 1R 8 F 7725 Ao it 46 400 T
TRV &5 SRR 2514 52 2 07 Th PR R g el ELZEAS [R] TRE o % DR 3R ) R P A A R], BOR 25 S VPAN 2
MZ R ridog AR TR,

3.1 EMIEE TN —RRDER[13]

1) HEREREU ={u,u,,---,u,} > EIHE IR PN RPN G n R N TRIERBRE By
FKUHIITE DL, A TRbR AT 702K, B JFMIE R, BREREU ={u,u,,---u,} 78 k 4, 5
u:Oq,mmngain,%u=@Mbmugﬁ~ﬁﬂ%%gi$q:@hgmyﬁﬁszwm,

i=1

Yo =n. BRI HERLE.

i=1
2) HARETFHIEY = (v, vy, vy | VBV 40 S 4 550 60 S AT
3) HATHBUCHIEEIEN, HRI%BEUBMIH AR R= (1)

M

4) ffE & B AR bR IIRUE A={a,,a,, -8, ) » FRCERIBROC R MR, BRAZE MR
B=AoR.

3.2. BRSERENEN—RIERE

1) #SLJE IR

T FeARAE B TR R AV SIS AE A 58 e DR 3R SV HAR Z I 2 IROC R, MiE HARE . HEE
—RIGHRE . R AR RS R IR,

2) A W

TEZ R, G dabn 2 I ARt — e hn = B AR bR AN B A ], — SR bR 2 T R AR X
AR 2 A B UL AR B AN ] o DR A — R R I Fe AR AT P R LG, B e AT TR T — B R
FIFRST EERERE, DL ZE G P R PR AR E . Bl — 22 bs A R — 2% n MBS
(B, By, B, ) HfisE, IR Ln N HI R R A
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by b, - by
A= :b21 b:21 t:)21 (2)
l:)nl bnl bnn

oo, FR A B, L B, I B, MU 1-9, 1 UL 2,
3) BRI
L S T 15 A R G RV AE 10 L5, VB b SR AR R e e
MRS A E, Bla, =b, /> b, (i, j=12,n). FKEATRRA, B
k=1

Xi

Zn:ai,- (i=12,--,n) , SRJEAF TR X = (%, %, %, ) I3 — 4L Ab B, B w, =x, ixi, sk 5 1 1)

=1

W = (oW, w, ) BT BE RO E 1, BORRFAE(E Ay e AW = AW

Table 2. Judgment matrix value definition

= 2. FIHRREREEVEE X

PR (Db, ) HRAELE X
1 B, 1 B, HE LA
3 Btk B, i %
5 B Lk B, Wl HE %
7 B, Lt B, 5% H 4%
9 B, Lt B, £t} &
2. 4. 6.8 B, Lt B, FEE AT Rk $E 2 [A]
{814 B, Lt B, 3, M1/,

4) —FE
ST R X 2 o B — BRI I, FaT AR T
o

" RI

ST, CR Fm IR MR HL — SO Lae, CI WA e o AR A P 1 — SO g bR, 3
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CR )

Table 3. RI value definition table
= 3. RIBUEE X &

n 1 2 3 4 5 6 7 8 9

RI 0 0 0.58 0.9 112 1.24 1.32 141 1.45

M CR < 0.0, RIATIAAIZ A I B 2 — Bk 5K, 3 D0 7 22 8 ) A R e 1 A
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4. THN T

eI T A GRE R TR OS], e TRl B R e RIEE, EE TR IE AR K
MG FRAERTSCRR T SR e SRR L, 4RI .

Table 4. Subordination degree of each index before and after project implementation
4 TEILRIESEUIERREE

Y] T H St 5
fabr s LEyas —f& B % f B — 8% P
5 kA5 0.1665 0.3335 0.3335 0.1665 0 1 0 0 0 0
K E RSB 0 0.5 0.5 0 0 0.625  0.375 0 0 0
TER AL 0 0 0.2 0.7 0.1 0.7 0.3 0 0 0
JER L 0.25 0.25 0.1 0.4 0 0.477 0.523 0 0 0
fazE 0 0.05 0.35 05 0.1 0.4 0.5 0.1 0 0
FRIER 0 0.2 0.8 0 0 0.8 0.2 0 0 0
KI5 0 0 0 0.125 0.875 0.333 0.667 0 0 0
JEIR 0 0.2 0.3 0 0.5 0.3 0.5 0.2 0 0
R 0 0 0 0.6 0.4 0.1 0.6 0.3 0 0
FIREYR B 0 0 0.4 0.6 0 0.3 0.7 0 0 0
ORI 0 0 0.4 0.6 0 0.2 0.8 0 0 0
JEABhR L 0 0 0.5 0.5 0 0.5 0.5 0 0 0
=LY T 0 0 0.2 05 0.3 0.2 0.5 0.3 0 0
A BRI 0 0 0.2 05 0.3 0.4 0.5 0.1 0 0
e 0 0 0.1 0.7 0.2 0.1 0.6 0.3 0 0
AR 0 0 0.2 0.6 0.2 0.7 0.3 0 0 0
GBS 0 0 0.6 0.4 0 0.2 0.6 0.2 0 0
LTIt 0 0 0 0.2 0.8 0 0.2 0.6 0.2 0
SO T 0 0 0 0.2 0.8 0 0.3 0.5 0.2 0
Bl 0 0 0.1 0.6 0.3 0.1 0.6 0.3 0 0
EHAR 0 0.6 0.4 0 0 0.6 0.4 0 0 0
J& e 0 0 0.3 0.5 0.2 0.2 0.5 0.3 0 0
Table 5. Subordination degree of project construction index
5 I ITIEREE
fatr I B — B %
it T 0.5 0.5 0 0
T 0.6 0.4 0 0 0
EgEEN T 0 0.6 0.4 0 0

2 4 AN 5 3N TRE SR A Ja A4 b 1 S s AN AR T RE A PPN SR AR SRR R o it A I
RSt AT Jo F AR AR A O SR Je E AN R ft ol A e J L i o2 12 TRE ISR 1IN S . R B R B R Ry
M2 2 5 SRR BLE, et A4 R Ik 6~8.
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Table 6. Judgment matrix for the weights of second-level indicators
2 6. ZRIBFRANE RO FI W RERE

By k5 IKEIR L TR ALY FETE PR E

By gtk 55 1.00 6.00 6.00 3.00 3.00 3.00 0.40
TKEIRTL 1/6 1.00 1.00 1/3 1/3 13 0.06
WLHIR L 1/6 1.00 1.00 1/3 113 113 0.06
TEAL 1/3 3.00 3.00 1.00 1.00 1.00 0.16
fase 1/3 3.00 3.00 1.00 1.00 1.00 0.16
PRER 1/3 3.00 3.00 1.00 1.00 1.00 0.16
K iR RE R

K g 1.00 4.00 4.00 0.66
JEEVE 1/4 1.00 1.00 0.17
R 1/4 1.00 1.00 0.17
TR EHES NV JEAB SRS T BRI e

) 1.00 112 1/2 1/3 1/3 0.09
SEINL 2.00 1.00 1.00 12 12 0.16
JENEh Y 2.00 1.00 1.00 1/2 112 0.16
Lty e 3.00 2.00 2.00 1.00 2.00 0.33
A BRI 3.00 2.00 2.00 112 1.00 0.26
EWFERE SRR CIpey i &

FIFLSE 1.00 2.00 3.00 0.54
SRR 112 1.00 2.00 0.30
1PN 1/3 112 1.00 0.16
LTFRF SCAb T AR E

ZHFIRT 1 12 112 0.20
SCAARTE 2 1 1 0.40
AR R 2 1 1 0.40

Table 7. Judgment matrix for the weights of first-level indicators

T 7. —RIERRERFIERERE

IKF 28 G FoM #ox &
KA 1.00 1.00 1.00 2.00 2.00 0.25
Wi 1.00 1.00 1.00 2.00 2.00 0.25
BN 1.00 1.00 1.00 2.00 2.00 0.25
HW 112 112 112 1.00 1.00 0.125
ey 12 12 1/2 1.00 1.00 0.125
it T TR SR it T &
it T3 1.00 3.00 4.00 0.65
T MR 13 1.00 2.00 0.12
st T 1/4 112 1.00 0.23
it Y4 &N
(gl 1 1 05
Y4 1 1 05
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Table 8. Judgment matrix for the weights of criterion-level

3% 8. M SN E N F BT RE R

TR Y it T3 AR E
TR 1.00 3.00 4.00 0.62
EH Y 13 1.00 2.00 0.24
it 13t R 1/4 1/2 1.00 0.14

TRERCRANE B ey i@ 1L 70 A TAREIUH St 5 PP THRE e e B L, 5 R T aw Jm dE AT A
T, JREREIFNER, Wk 9,

Table 9. The calculation result of the subordination degree of criterion-level
=9 ENEREBEITESER

T H St iy T H SEit 5
fabr Lf B —fi 7 7 I B —f& 7 7
TR 0.026 0.07 0.213 0.36 0.331 0.38 0.47 0.135 0.015 0
EHRYEY 0 0.3 0.35 0.25 0.1 0.4 0.45 0.15 0 0
T T 0.397 0.51 0.093 0 0

ST B M B ZERN A, 348y 248 L4 04y, ARAEI H St H S SR
SENBERTHE, IFESRTI R RIBE,  IMTAAE 250 H BRI 45 R, ik 10,

Table 10. Subordination degree of effect of the comprehensive river improvement project
F 10. EERTEYMREAREE

BT E R 4 i
LS 33 BT —# B 7
SHERT e 25 2 15 1 0
TREMRITTRIBE 0.252 0.748 0 0 0
B SR T SRR 0 0 0.8 0.2 0
TR T3R8 0.397 0.51 0.093 0 0
TR R ARV 0.212 0.535 0.205 0.048 0

T RIS s TR TIPSR B N 0212, BT RAIFMSIRE AN 0535, G KEE
TR, I TS A TR G N, 74 SOR R A BTN 45
5. &ig

RSCENTT 1 BRI ERE TR R, Abi i 4 Hh S e Sk o 1 5 TR0 1 4%
PR 2. RIROMIERENS 45 & MR BT VR e TSR, 3 T RO RO (O BOM 252 SN TR RE B8 754>
HREIFRIPN G R, ReBURRBIEE, BR TR0 SUC B i 8 TR . B
G S SRR UMY, BOAE T RSB R R AT I A, T LA AT B TR 5%
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