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Estabhshment and Applleatlon' 0f Performance Evaluatlon and Obstacle

Dlagn051s Model for Reglonal Water ‘Ecological Clvﬂlzatlon Construction

WAN Bing-tong, BAO Xue-ying " ZHAO Jian "ichang, LI, Ai-chun r r
(Sc hpol 0£ Civil Englneermg Lanzhou Jlaotong Unlvers1ty, Lanzhou 730070, China)

Abstract A scientific performdnee evaluationfof the reglondl wat'er ecological civilization construction and clarifying the obstacle factor
are key pomt@ to impzove the performance of regional water ecologlcal civilization construction theory. This study analyzes the coupling
relatlonshlp between humans and regional water ecology by applying the thinking logic of " driving force-pressure-state-influence-
response-management. " The regional water ecological civilization construction performance evaluation index system based on the
DPSIRM model was established. Combining the unascertained measurement model and obstacle diagnosis model, the water ecological
civilization construction performance of Shizuishan City during the past 10 years was empirically evaluated, and the obstacle factors
affecting local construction performance were diagnosed and analyzed. The analytical results reveal the following points: First, the
performance of the water ecological civilization construction in Shizuishan City gradually increased annually and revealed three
development stages: the site visit and slow improvement (2010-2014) , intermediate but fast improvement (2015-2017) and good and
fast improvement (2018-2019). Second, each subsystem performance index trend varied, but generally, the fluctuations rose. Third,
from 2010 to 2014, the average obstacle degree of the subsystem state, subsystem response, and subsystem pressure reached 58. 81%,
which became the main obstacles restricting the performance of the local water ecological civilization construction. From 2015 to 2017,
the average pressure barrier degree reached 21. 73%, which was the most significant obstacle to the construction performance. From
2018 to 2019, the average pressure barrier degree remained the largest obstacle by reaching 24.49% . Lastly, the index barrier of the
obstacle degree among the top five factors are primarily distributed in the pressure subsystem. A comprehensive frequency ranking of
the obstacles, the irrigation water use coefficient, and the pressure of the water consumption per ten thousand yuan of value-added by
industry as a representative subsystem are the key directions to future construction. In this paper, the concepts and methods of the
research can provide a theoretical reference for the performance evaluation of regional water ecological civilization construction and its
obstacle factor diagnosis analysis.

Key words : water ecological civilization construction; DPSIRM model ; unascertained measure; obstacle degree; Shizuishan City
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Fig. 2 Evolution mechanism of regional water ecological civilization based on DPSIRM model
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Table 1  Regional water ecological civilization construction performance evaluation index system
Flbx W bR W% i
Sy WBUER % AT/ XS AT |
Wl S, ANHEHE/ A km? [ESTY <= PN EVAES AN A 1 11]
Sy A¥ GDP/IE X3 GDP/ KA I 1EMm
S, H R KR E AR L % 1T 7B SR X1 B/ DX 3 i X T 1]
i Ss e T IME K E/m® - (J56) =1 Tolb K& Tl i 11
Se MEWEAFIH R 2L ] ] 52 o 4 4 TR FH 7K o/ B T K 1Em
S, A At 38/ kg - hm —2 AR RE el FH A/ B AR fiiIn]
Sg VIS ILTEWE R R % BTN [T E - SR e R S () E17]
) WA Sy KA SIS % IR AR YR S H 5 S AR R 2 B LU I AR T3 (E 1Em
“ﬁﬁﬁ? Sy K IBEIR AK JTAAT 5/ % KT K S BE I B/ K S REIX 24 T
f-te S KA TR A B/ % K25 PR R 0 52 725 L Rl
S, TP KOK IR 258 R % AT R AR AR b B v SRR K IR M A8 1E [
Sy ABIK IR R/ m? [X sk B R e/ X AR O 1Em
Sy iU IR FR R/ % IEFR R B BE/ DX R B B 1Em
g 15T RIBRRA IR % RRATE AN KSR K e ET
Sy Ll 7K #5226/ % Tl EE K& Tl 8 K = 1E [
Sy 7K 3 93 B8 He 5/ % K WK T B TR XS TR T
S K RBEIHHEL Y GDP LT/ % IKFRBRA T %/ X I GDP o/
IS, KR RE TR E % . JH7K 28 K IR DR W U A Fn AT S S DA B IE [m)
S0 KA 2SS IR R AN A% KA SR T 3B 5 A/ A ! Ep
! H o > e -.!__,

Y (b) b2 43 A

(d) IES% 434

Y (c) H %1 Y

> > > >
0 x [ dii1 x [ dii x x
F o= 7 ; - S T
o 3. 0 O B
P " Fig. 3 Common measure function

PEMEAL T C,, SRR MR 08 K, 2 4, N8
PEALT C, ., S R L T i 2 1. AR S L od 24
A BAE AT P A A R ) AR A A, R RE TP 3 Fp Y il 2k
He I pRECY A

(2) Z AR ARH I

By =p(0; € C,) FRIFMXTL 0, J& T 5%
FH C, BIFRSE LT

P = 210y (5)
(i = 1,2,---,nj; k=1,2,-,q)

A w, R j RN 48 AR AR, S AIF 53 38 1 90 AL
WO B (s ooy g, | ETFINTR O, B
ZARPRER A I FE VTN 1) 2t

(3) BRI

WhC >C>->C WWFR{C,, C,,-,C,|
RGNS B E ER— P4 H128 ) a) i
EAR EEUED

k
r o= min{k; Z,uil = /\}, (k=1,2,---,9)(6)
=1

R A REEE(A=0.5, —KEL0.6) , AT iR
BIVEM TS 0, /b THEYH C,.

(4) HEry

BHIC, >C, > >C % C (k=1,2,-,q) i
s, % C, = 1,, B 1, > I, B,

q
doi = kzlk/-‘ﬁk (7)
Iy

K d, RPN X R 0, BIRB M STUEAR R, d,, B
R, XIS A PE AR 03 19 7K A2 25 S B S0t

fiT=
1.3.2 XK AR 25 SO s 1 S AL B i 12 Wi 75

S A DK 7S T AR B
T HETA AR TR B, 51 DR T
T IOREE B R BRIRIE B3 A
Al 7 B K A 25 3 ) e 8 A O A
F

B o=t

= ——— x 100% (8)
Z(]j'Fj)
j=1



2094 2D 53

Bl

42 5

L
&

I =d-d, 9)
SRR TS 8 d, SRR SR
d 2R, BL TR N d 5 d, 02, F 2
S 4 TR0 28 B 0 TR T L 4% TR T
T, s B, J G4 D70 X Bk A 45 S0 W) 4
SRR R4 T B, 09/ INHE I B 7T 3
O X K A 5 S R R DR T R

2 BHISHT—UAEE LT AE)

T LT S T B I A DX R T
YT b B TR I 36 DX b (1 4) |, ALAR
ST SR FE TS M, T RN B 22 1, AR
P52 T R 2 T, MDY 5 ARAIE, YRR E 1 081. 95
~3388. 84 mZ i), BIHALS 310 km®, T EH HIR X
TR 8. 019%, & S780 (At KBt 0 , b T T
S R X 7 LT P K R T R
IR BT 5 K HE K U R A I, K 5 BOK it
T K, H ] Y 0] O e g
VRS PEIT B W A 0 R S 1
EFHK AT A K WA TR T A
VLT3 A A K A i i B 32K 8 TR e
A T FH KRR K 2 2 4T R T ke
A I B A T 2 A e R R T

" N

r

39°00"

0 20 km
1

W m
e 5 3388.84m
B 1 081.95 m

107°00" E

38°40"

! 1
106°20" 106°40"

1
106°00"

4 ARUTRETERKRSH
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Table 2 Performance evaluation grade and index weight of water ecological civilization construction

Hoh : o i e
I (k) I(K) m () IV(2%) V(#h2)
S,/ % <40 40 ~55 55 ~70 70 ~85 85 0.221 0.047
S,/ A km ™2 <85 85 ~255 255 ~425 425 ~595 <595 0.222 0.047
S,/ 76 <79 500 57500 ~79 500 35500 ~57500 13 500 ~ 35 500 <13 500 0.210 0.048
S,/ % <5 5~15 10 ~25 25 ~35 =35 0.182 0.049
Sy/md - (FI7E) ! <35 35 ~45 45 ~55 55 ~65 =65 0.108 0.056
S, >0.75 0.65 ~0.75 0.55 ~0.65 0.45 ~0.55 <0.45 0. 180 0.050
S, /kg-hm 2 <200 200 ~225 225 ~250 250 ~275 =275 0.150 0.053
Se/% =97 90 ~97 85 ~90 65 ~85 <65 0.218 0.045
Sy/% =85 75 ~85 55 ~75 35 ~55 <35 0.216 0.048
S0/ % =90 80 ~90 65 ~80 45 ~65 <45 0.185 0. 049
$,/% =95 85 ~95 65 ~85 55 ~65 <55 0. 061 0.059
S/ % =98 95 ~98 85 ~95 75 ~85 <75 0.207 0.048
Sy /m? =1000 500 ~ 1 000 250 ~ 500 150 ~250 <150 0.085 0.058
S/ % =90 80 ~90 65 ~80 45 ~65 <45 0.176 0. 050
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Table 3 Performance evaluation of water ecological civilization construction
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Fig. 6 Change trend of subsystem performance index
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Fig. 7 Obstacle degree of each subsystem in the performance criterion layer of water ecological civilization construction
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Table 4  Obstacle degree of major obstacle factors in the performance indicator layer of water ecological civilization construction from 2010 to 2019
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