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Abstract:[ Objective ] The aims of this study are to comprehensively evaluate the soil and water conservation
of construction projects, diagnose their obstacle factors, and to improve the comprehensive performance of
soil and water conservation. [ Methods] A comprehensive evaluation index system for soil and water conser-
vation was established using four subsystems, including the effectiveness of soil and water loss prevention
and control, the control of soil and water loss impact factors, the control of soil and water conservation
economic investment, and the effectiveness of soil and water conservation ecological construction, as well as
15 indicator factors under them. Based on analytic hierarchy process (AHP), expert scoring method and

entropy weight method combined with game theory were used to construct a comprehensive performance
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evaluation technology system and obstacle factor diagnosis method for soil and water conservation of
construction projects with combined weight TOPSIS model. Empirical research was carried out to evaluate
and diagnose 3 construction projects in Shaanxi Province comprehensive benefits and obstacle factors of soil
and water conservation of the project. [ Results] The comprehensive performance closeness of soil and water
conservation projects for P;, P, and P, are 0.764 4, 0.692 8 and 0.274 5, respectively. The soil and water
conservation performance of P, is excellent, while that of P; is poor. The main indicator layer obstacle factors
of P, are the investment ratio of forest and grass measures and the investment ratio of temporary measures.
P, represents the disturbance land remediation rate, unit area waste, temporary measure investment ratio,
and forest and grass vegetation restoration rate. P; represents the disturbance land remediation rate, soil
erosion control degree, and forest and grass vegetation restoration rate. P, needs to optimize the investment
structure of water and soil conservation measures, increase investment in forest and grass measures and
temporary measures appropriately. P, needs to increase investment in temporary measures appropriately,
improve the effectiveness and comprehensiveness of water and soil conservation measures. Psneeds to increase
capital investment and increase temporary measures and forest and grass measures. [ Conclusion] By using
the combined weighted TOPSIS model, the soil and water conservation obstacle factors of construction
projects can be accurately diagnosed and the soil and water conservation benefits of construction projects can
be improved. The ideas and methods of this study can provide technical ideas for promoting the comprehen-

sive performance improvement of soil and water conservation in construction projects and systematically

optimizing and adjusting soil and water conservation plans.

Keywords: soil and water conservation; combined weighting; performance evaluation; obstacle degree

SO TT LA | B A F ] 28 B A2 DR K J B
P AR I A R D R = 07 3 ) 3 B A 7K S I 4
55 HE A CRR L2 O CREIRAL T ORI H g il
SR GRS TN S R S5 A 7 JERCT 3l H 0
ZLPHOK R LR D AR AR AR R g™
L, 0O XA AR A A N BRI L A U A SRS DT T
A 0. S R e iat SUINE DG I w1 e LB N ok
580 JEE R L HE K T BEIRGAL R L 3 E ML HEK AR R L 8BRS
T ARG ATt SRR PR AT TR 38 A5 R L A OR
TR LR A I 7 2 A RN SRR 2 4 T D 2 5%
MR R T . BN A BEE AT A SRR R
PR 5 D ) 0 T o I R AN T o 38 DA R 2 Bt
4 B AT K 30 2R 3 B ] A 5 L A AT Y
FAL ., KRR SR I B R K R KA
B LA TS 0T B R GE B A Ak A B
PES R I BRI AT AR oK s R TR R A
AIRELOR I 2B BT A BRI, R, BF S
HEBEIH K A AR LR A T 7 125 0 X b 2 e K
PRFFER S R 2R B2 TR R R 7 e AT 12 W A B T 4w
JER A BT H oK - R AR A B A R RS R 22 Ak A A
TR H K PR R 5 S0 1 AR AL 42 A BRI
MBI 2R O 2 GOKAT B AR T A A 4 B
HEBLIH KT R AR S %

BB B, NS AR Z A B W BT R T VR 2 05T .
JK - PRAF I by e 0 B A TR R W 0 A e S BB
B Z N R .2 B AR i 288 P 8 B AR Rl 75
LR AN T5 IR s J T K L AR SR IT O b AR
Pk 17K AR J7 SRR AL S8 R R L D RS
gt R VA RO AL 32 T 3R 406 T A B T &R .
TEFE PR IR R A b EAGAED AEOR (257 k2 3 A
S T K R AR RE I H £ 5 1T 48 bR iR R OF 45
TR 2 IR R WL 48 5 W b
GEURIHAE AN S K ST IRE AR A A A S ERBOIR L
K A ARAF T RE X JE 1R e K i R 5 e DL B At
SER D TR 5L T K PR R 2 O A A AR TR R 5 X
FENAE 2 BRI 3 A Jr A T RN R AR A
FIPXFACZE T B AT IR BT TR AR K
SFI MK R R AR E R K £ B AR R AT e
RGUHE 5K LR K006 2 F bR E 0 A B9 AR 5T G K
Rt T K BARFRROR R M K L R E B R R
BORAME GG BL BRI 5 2R R R BN 58
B RAER K 2 ARFF AN A 42 R (B A AR AR
A% E VEAR br 5 8 AR AR A AR AR SR R AL, £
SETFHT AR ARACE 2R B L, EEA R IR T
5 VE WMk A W B R 22 B RO AL L S
F AL A O 2 B B8O BT S A IR



460 /e o B 1

530 45

Py R B L RE AT SR 32 UL AR AR B
N6 R BRSNS 2 PRA 168 Bp E AT AL, %05 1%
AN TR RN 32U Wy 2 S 4 1 T 5w HE AT 245 2R ]
FE 2 1 BS0RR i fi 25 L 52 235 2R A9 00 99 1 B 5 2 0L 2 ALk
T8 23 2 W A [A) T 45 R Y BB PR R B A 28 5, 3
AR AR RN ARk A ST 4y MR A T
B UL (4 H A Jag 1 G A ) A L 55 Al
AN Z AR T7 S VE 45 R R T B 00 5 A A
A WAL AL VF 22 07 T A 3 0 O 4 B R 4 1 2%
R PR b EEA R TRRN LGS
RN OT IR BN ST oy BB OR IR IR AR %k
pRes e RUN I N TN DA 2 W (ERSI N 5
R BT 2 T RBAE G T 89773k, B A ¥k
TOPSIS #1128 FI &k 5 43 B vkt L 3 40 23 #r
ST LN R T SR R B B0 R 3 A O 1 B A R
WA HT IR R 25 DA 5 N T M 22 I 4% 7k A5
X P TT 5 BA BE FE Al A AR R B HRBR A
PSR R R W (ERE R A S U NE PR
ARG

H T UL ASBIETEAE 25 5 1 ABIE TR ) S A
FREBEITH K 3 2% B IR MR K S Ok S A A
il KPR 22 B B0 4 o) ALK DR AR A B A T2

gL AT @I H K AR LR A S OK O I iF
G R T B 4 AT RG M E@ AR H K £ R
Regr P MR AR IR R, S TREPE 4 3 i Il H
(P, Pyy Py 7K A AR 5 AH G E 4l . DL JE F 41 & AL
TOPSIS 15 #Y K7 5 £ B YU 55 A0 Sy BRI AR 41, % =k
T ORFELE A BAEAT VR o 6 52 7K R S8 i) O B A
F AT VU I B2 A AH G 10 B LR I, DL Oy i
T H K AR AR R AR R R O AR TR
W H K LR A SR 5 5 %,

1 #ZZWMEKERFESIFNERER

1.1 $5HRIEBUR R

TEBAE RGN R AT SR | 5 BRI A2 0
P B SN 25 i ACBIE SR A 5 R I
LR B I H K i R B AR T BOR RG22 H
BRI AR SCMOK 3t 2% B 3 A oK A T2k 52 i A
T KPR 2 A TR B KR A A B A 4 A
J7 W EFE T K A Ok A BHRE | b SR K AR L L P Bl
o8 UNTORANG SR VAR AT TRieR = N IR AT 2V 7 ¢TI
BORE WO R RE AR 15 A8 AR . # IEORT L U A T A
B HFRZ ENZFIERRZ 3 B B HESL K £ fR 35 25
BIEMIRR R D,

®1 BEMBAIRFESTENERER

Table 1 Comprehensive evaluation index system for soil and water conservation of construction projects

vy Ry X
P 40t FT FL K (R F 04120 - 0 0 B B30 A L9 4 1
Ktk S50 K 98 94 P K 3 B R K 9 B B9 40
S5 1K 2 3 9 A TR B8 9 B B0 90 T - B 8 Ak 95 A
ERARE B
KR P 8 B A0
R S5 1K 2 3 S A 25 02 B 5 A B 5 7 TR T 44 M i 1
B S5 1K 2 4 S A 0 5 0 2 LR T A0 B
B+ 8 i 1 K T B S P T T4 BUS A 5 4 69 B
KEdsemm  BEEEL AT Kk B A T B R S RS R
e R S5 1K 2 B S A 1908 5 4 2 M B
W S0 MF T 52 T 22 0 5
MR BV BARVER K BRI A B 14 0 AT K A 3 2 B B
KR TR KR TR 2 A K RV A2
o A S BRCESH 6 A K (R BV S A 2 1
I A B L KBTS A 5K (1 BV A 2 1
AR R % S K 385 96 £ S P A R T B 1 B T A0
R M S50 K 98 9 S A K 5 T4 25 B0 74

2 BRBBAKEIARFEGTENTIES
=E

2.0 BT E KT REF NI ERE T %
Iy T AETE 58 T T R 2 o i L 5 4R R

Y45 b5 22 8] FH B R B Y 22 5 [A] IRk s B DR A A
A2 WL VB 22 S5 T 322 W 6 T ) A7 45 2R 368 1l mT E Y
T s g 725 L S 45 SR OO Y 8 B A W SR 45 T
BCHEAT HE AR AL T30, 78 78 70 38 CRITA 2 L % DL
Bk B A SR PRI i i Sl 1 Remd 554k 7 3 %



56 M

AR B T2 A WAL TOPSIS #5881y (B30 H 7K - AR B S 8OF A B s 15 B T 12 W 461

L AR ) e o, T T 45 SR A s T

211 ATEAREERIH R EZNREFE &
KA ARFFEEE VRN IR R A BL A E A SOR 2 2 3
1) LR FE 4 18 5E T /2 K 43 B i (analytic hierarchy
process, AHP) 5 Wi kE B B H0 W 6 1 ok 3 500 A
BAR AR, b BE VR A RO AN LI 2, BLRHY
WAL proRt .

(D B HBERZE X ENZE X, 52 X,
R 35 PP A S K T RASER B IPI IR R (R D)

(2) Bl s HERILRERHN n D4R R
LREMMEIREG MR — R KA TR Z [ H 2R
M BRI A

A=[a; ] (D
Khia, NIEWS ¢ XS THEbR ) ROE R, H,
a; >0,%i=j Bf,a,;=1,H a,; Ma; T RHEE.

(3) AT —ZPEARG 50 . X 4G 3 H 09 ) T AR I A
—H R - B S 4R 5 CR, 2 CR<C0.1
FF ) DRI 24 I 1) — SO R R R I BT B R
FIWTRE I, — SRR WL AR (2)—3):

Amax — 12

Cl= (2)
n—I1

oGl

LR—RI (3)

o CT o — B T8 5 5 A o 0 W7 56 5 1Y 5 K AR AR
1B s SRR B85 CR O —BUPE 48 45 5 RT S F 2 B
PL—Z 4B bR
(D HEIBIRAE ()
(Ta,+
w, = (i=1,2,) 4
b

i=1 j=
®2 EHEZEHREREASX
Table 2 Five scale method values and their meanings
b X
1 FEAR bR j R A5 H 2
Ei A g IR I
85 @ LLARbR j ROy E
2,4 T L3R AH AR 2 (]
8 &b z‘jﬂ?‘éﬁ{ E’JEH&?*%%M‘E%J‘ GLEER A
4 Ll 5 2R A
2.1.2 A TRBEWENRETHL  MHEZ (entropy
weight method, EWM)" BA AR Z M & 0 & &
SR L RE RS 1 HE A RO S AR AR K3 A8 A 5 R AR A
ZIAHSC R R A R B MIRAUTT 2 2 — e Z W R
TRPRACE T Y v © 2245 B B0 BT ik TR (E
HRK LRGPP I8 A TSR P R AT
(D HRESAE o DIHM m DI 6

n

1
(J,I‘J‘)T
1

[S2BENIS]

B TR SR B X
PO
X=|: i (5)
e e

(2) i A b B BT AR B X

2= G=1,2yn3j=1,2,,m) (6)

2xy
Kofox, HEETH K LR AN RIS C, 5
ASTH TR PR IR R R (E s 2 O 2y B RLIE AR 4R B
B, IS BB Z= {2}
(3) RIEIRFE RN E; .

E = $eine, (G=1.2.00m) (D)
Inni=
O HHEAIRIRASNE 2, .
h]':l_E, (j=1,2,"’,m) (8)
(5) B ERBRAEHE o, .
h; .
w; = (G=1,2,"ym) (M
Ehj
=1

2.1.3 A THELELHEORERT WK E
ANHERR B9 3 B WA AT RS AL 2R A A D
SR B IZ AR AR AE R R b i R R OO AR R
RE 579 B & FRVEAN 45 R 00 G| Af 42 th T A B
H—Afe T EN R T a5 H R EBE T
TEHT A A AR i i AR, o e vk A
JIA — Ak D7 vE TS A A AR AE B IR P BT =
Z A1 PR 2 AR il 7 1k R A% 4G 30 A R 1) B B
PRVEE 2 A A RO 56 T N T35 2 i i R BUFEAEAS
NFWSZ . i, A SCR I T H SRR Be I 27
RO B 78 7 1K 38 AR 2 R A BT TR R Y
FMALE @, FIAR A 200 2 1 2 WAL w, HEAT HAH
IR 8 T 07 128 8 B P Y R I £ A AR
w” BRIE B
(D B FHLHEHEG R a0 o) Al o,
HATERAMEA A M E A0,
w=a w; Ta,w, (10)
(2) FETHIRE L, SR IH S E, K IR
BEHERE o Mo 5 o Ml w, 15 E SR
N R HE AR D,
min( [0 o [+ o o, [ )=
min( [l ¢/ 0, +as w,—w; |2+ [ o) 01 Fas 02 —w, | 2)
1D
Ha,a! yay >0 H o) +a; =1,
(3) HAERIPE B K 22 (10— (D AT Rl
—Brk e, Wasaz),



462 /e o B 1

530 45

1w, (wl)TJragw] (wg)T:un (CU])T
12

arw; (W) ta,w, (W) =w, (wy)’

(D) WIWAKXAD KM a)sa, FFIH—FE] o
Ma; o BIEH af e, RAARK A0 R EA L
BACE , A3 R 5 5 15 B el 28 G5 A A
FEW=C[w, @, +w, J.

w =a] w,ta;s w, (13)
22BEMBKEIRBESTNEE —AHG K
TOPSIS 1% &I

TOPSIS # A & — i 7E 52 Br b 45 3] )32 W H 1Y
BT 2 BHAR M PE O EE AR B R BT f X 5
(1) F6 Br P A0 (B 1) 2 5 255 A TF A [ R0 1) 1L AEL fie 0 671 B
LA 1) AR B B AT HE Y 38 T AR 238 bR X 24
JREMAT IR R . ER LS TOPSIS % 7E
A B E b 32 AR T & Z 00 AW X A7 e 45
SR 5 52 B ) KUBS: ) L Sk b AR S 3o 2 A AN R
VAN FE AR AN TR bR O | S SR AR A 0 PE A (AT 1B . 1
HEZH A TRAL TOPSIS B2 81, Jf fif By 2 8 80340 i
WH K B ORFS8 . BT RINT

(D) FIHBAE XS Z B rbriEfl , Joh R H
22014 X IE [a] 48 B bk E AL % 67w 45 ARk A X
(15) #H 1T bp fEfb, AR UELFE R P =
Coiusmo

z,; —min{z, )

b= (14)

: 7max{zl—_, } —min{z, }

max{z;}—z

Di= (15)

max{z,;} —min{z, |
(2) R 16, K T8 b5 AL E 7] 7 W A5 4
HiE P AHSRE 13 2GS LR BE vV,
V=PXW=[v; ], (16)
(3) Ml 5 1Z A5 YR B BRI £k S5 1 IE £ B AR
fig VIRV, Hop IEBAEM RV RE 8 i
NS VR (=R | B N Y IV (= S el [ B
fift 5 ZE VR A — 3 P BN ) 1E RN 38 AR RN B K
IR OE RN S

V= {maxv; |j€j minv, |jE€; 1 (G =1,2,,m)
{V:{minviijjymaX’Uiijj} (G=1,2,,m)
an

D RS FEEGIEBEME TR V5B R
FEV ZEMWMES L ML, AT,

Iliv: ‘i(v,‘jivf)z
! (Gi=1,2,+,n) (18)
er ﬁ:(v,'ji‘vji)z
V=1

(5) MM~ KA TR AT H 5 H 07 A i

JBE S HHUETE R N0, 1] HAR MR, 335t H 7K
TORFRER G AR B0 R U H Ty R AL, S5 R AR
PABFFE R K S, HEAT 4 AR5y BEAT RE TR
fIEEE BT H A K ORFRER AR I L L3R 3.

Li
T
®3 MEMKIRFEEGHUETNIRE

Table 3 Comprehensive benefit evaluation standards for

S (i:1929""7'1) (19)

soil and water conservation of the project

Wi 3 T R0 45 )
>0.8~1.0 5
=>0.6~0.8 R
>0.3~0.6 45

0~0.3 LE ]

23 EEMBKIRBEEHEEREFISHRT
XiF 52 Wi BRI H K A R AR 25 A AR AR 1Y S R A
R F HE AT 40 BT 2 W, Al B o 4 e i RO £k 08 4 i
TH K+ R R SR Y . RRERE TR .
BB A R Tk E F, 36 b0 0 B 1, FE br B
L O, 3% 3 MHEAAR R, H, W7 oiikE F A%
PP AR AR C; X B bR GBI H K H R RS
B a5 8 B0 1 TTEKEE R /N, AT B A TR AR A E w,;
FOR TR bR B BE T, O SRR AR AL (A 5 B L H AR
ER2E8E, AT H 1 ShnuEfbdetnft =, 2 25 3R0R iR
JE O, B R N 8 F RGN B H K LRSS

AR g R MR AR B R AIGL E i A K 2o 3L,
0,= Lire (20)

}211, Xw,

iﬁ]"l":[,-ZI—z,jo
3 EHSHm

FEFBEVE 4 o H K £ O3 TR S8R, L
2H A AL TOPSIS ) i 5 B A5 0 Sy 38 F 58 07
2 SRUEWF SR 2 W 3 @RI H K R R A
R g e B R S gl H K R EREE A PE Y S
i3 I F 2 Wi ) | iE— 20 A T i 0 H K AR EF
ZRG A e R RIS HOR BB
3.1 mE#R

ZEB BT K BRVEA N 3 NI H T 2
By M= H K AR R TRRA 1 ASK S H K 2%
AR, VR R R AT R S AR R 50 3 R Al
WOt PR B X 7K 22 4 1) o S B TR L R O K R B B
PR P AT E . i I H Py AL TR0 A R
DX R TE TR R RRT T DX b 5 30T [ DX Ak 2 Y T
M T R WA IX , Z 4R B 13.6°C L 2 4R 11



56 M

BFE HTH A RAL TOPSIS A& R 1) @8 % 301 H /K 44 55 B30 o K B i K 112 W

463

MR 5.5°C , 24V YR /K B 555.8 mm, Z4EF- 1425
K1 34130 mm, R ZES T 7 H.8 H.9 A, &
BEHRETR EEZHEWZ RE K K EREA™
LI H X AR A S (4 200 t/(km® - ),
Py =T H P, A7 T BTG A P 8T DX AR R R
T VAT et ARUSF JEIX b 55 e Ak R Y 2 Y K B
Z A ZAE R 13.2°C, 24 K &
560.70 mm, N ZEN 7—9 H 7K 9 SR DL /K

5 R GRFEE S I T 0.2,0.4,0.2,0.1,0.1 B9&
FAEAY 5 MBG TR AS 21 3T L K F 10 EMAE
i, [FB,JFETA ZH h 3 ANE I H K AR 38 b5 00 1R

6 A% SRR R (9 2 R TS0 PP 4 A 1Y A
HEBEIH K 5L A s S R A R 5.
F4 BRTEKLRETRMFT ARG

Table 4 Summary statistics of soil and water conservation

works data of construction projects
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Table 6 Decision normalization matrix and indicator

positive and negative ideal solutions

L P, P, P, IEMA A O
Ch 0.0277 0.0277 0.0277 0.0277 0.0277
Cy, 0.0216 0.0216 0.0213 0.0216 0.0213
Cis 0.0197 0.0195 0.0195 0.0197 0.0195
Ci 0.0199 0.0199 0.0199 0.0199 0.0199

Cis 0.0199 0.0197 0.0189 0.0199 0.0189
Cx 0.0608 0.0603 0.0000 0.0000 0.0608
Cs 0.0483 0.0324 0.0664 0.0324 0.0664
Cs 0.0566 0.0332 0.0696 0.0332 0.0696
Ca 0.0562 0.0645 0.0562 0.0562 0.0645
Cy 0.0299 0.0339 0.0542 0.0299 0.0542
Cs 0.0127 0.0168 0.0251 0.0251 0.0127
Css 0.0135 0.0150 0.0284 0.0284 0.0135
Cs 0.0267 0.0101 0.0495 0.0495 0.0101
Cy 0.0199 0.0199 0.0140 0.0199 0.0140
Cp 0.0221 0.0220 0.0222 0.0222 0.0220
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Table 7 Construction project soil and water conservation

comprehensive performance evaluation results

Iﬁﬁ cl CZ Cg C1 C
P, 0.9864 0.4565 0.4959 0.9823 0.7644
P, 0.7609 0.8578 0.3285 0.9782 0.6928

P 0.0000 0.4377 0.6434 0.0218 0.2745
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Table 8 Construction project soil and water conservation

integrated performance guideline layer barrier degree

i H C, C, C; C,
P, 0.0000 0.3580 0.5094 0.1326
P, 0.1045 0.3825 0.4353 0.0777
P, 0.3223 0.1376 0.1136 0.4265
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Fig. 1 Project indicator factor barrier degree
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