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Tab. 1 The indicator system of ecological compensation effect evaluation in Taihu basin
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Fig.2 ANP structure for ecological compensation effect evaluation
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Tab.3 Unweighted super-matrix

Ei=L7D B, B, B; E, E, E; E, P, S, S, T
B, 0 0 0 0 0 0 0 0.168 0 0 0.197
B, 0.333 0 1.000 0.333 0 0 0 0.334 0 0 0.445
B; 0.667 1.000 0 0.667 0 0 0 0.499 0 0 0.358
E, 0.750 0 0 0 0 0 0 0 0 0 0.169
E, 0 0 0 0 0 0 1.000 0 0.377 0 0.174
E; 0.250 0.750 0.667 1.000 0 0 0 0.333 0.174 0 0.451
E, 0 0.250 0.333 0 1.000 1.000 0 0.667 0.449 1.000 0.205
P, 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0 1.000 0 1.000
S, 0 0 0 0 1.000 0 0.750 0 0 0 0.667
S, 0 0 0 0 0 0 0.250 0 0 0 0.333
T 0 0 0 0 0 0 0 0 0 0 0

*4 IALGERERE

Tab.4 Weighted super-matrix

EiEtan B, B, B; E, E, E; E, P, S, S, T
B, 0 0 0 0 0 0 0 0.112 0 0 0.086
B, 0.209 0 0.627 0.086 0 0 0 0.223 0 0 0.194
B; 0.418 0.627 0 0.173 0 0 0 0.332 0 0 0.156
E, 0.098 0 0 0 0 0 0 0 0 0 0.043
E, 0 0 0 0 0 0 0.502 0 0.188 0 0.044
E; 0.033 0.098 0.087 0.557 0 0 0 0.111 0.087 0 0.113
E, 0 0.033 0.043 0 0.502 0.751 0 0.222 0.225 1.000 0.052
P, 0.243 0.243 0.243 0.184 0.166 0.249 0.166 0 0.500 0 0.133
S, 0 0 0 0 0.332 0 0.249 0 0 0 0.120
S, 0 0 0 0 0 0 0.083 0 0 0 0.060
T 0 0 0 0 0 0 0 0 0 0 0

x5 BIENE

Tab. 5 Indicator weights

£ HEN A ifEdl PREAA AR HEN = R

B, 0.062 3 0.021 4 8
B, 0.4459 0.153 2 4 0.3435 2
B, 04918 0.168 9 3
E, 0.005 7 0.002 1 10
E, 0.306 2 0.1117 5

0.364 7 1
E, 0.164 7 0.060 1 7
E, 05233 0.190 8 2
P, 1.000 0 0.191 4 1 0.1914 3
S, 0.8423 0.084 6 6

0.100 4 4
S, 0.1577 0.015 8 9
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Tab. 6 The weighted score of ecological compensation effect in each year

bR 20204F 20184F 20174 20164F 20124F 20114F 20104F
B, 0.667 0.261 0.083 1.953 0.334 0.305 0.226
B, 5.696 5.205 3.929 3.241 4518 4.714 3.707
B, 7.240 5.692 0.943 6.209 14.967 16.797 15.627
E, 0.061 0.095 0.086 0.069 0.119 0.136 0.173
E, 10.383 8.740 7.721 6.786 3.650 2.738 0.248
E; 5.154 5.547 5.754 4.920 3.070 2.814 0.542
E, 15.938 14.793 14.801 14.619 9.724 8.670 7.583
S, 7.095 6.211 6.089 6.002 4.922 4.043 1.869
S, 1.405 1.264 1.131 0.917 0.849 0.606 0.112
P, 10.618 16.832 17.039 12.651 1.192 1.192 1.146
ARy 64.256 64.639 57.575 57.367 43.343 42.014 31.233

S, X IS R B 2R 45 UL 50 B R A5 A PR
I HE AR B e bR A E (R 5) . Hi: £
Ve X B A% 25 A e kK, RECH 0.364 6; 4=
BRHRK Z, 2R 0343 5; BUR A 520 F
ZBUy 50 0.191 4 F10.100 4, 2855 /K -1 F £
BRcs B T) It 25 52 i AR 28 0 AR A S RUR,
B INAE A AR VR R AR BROR L%
KIAFEIRIIA T HE MR A5 2 1k

RS B A S AME LR A BCR B,
XoF 35 B B Jir s B A T AR ME A AL IR Ly ok
FARAEAL T 1kt B 0 B B0, An i A B 15
FRETFR . XFIERAE AR R AT O bR AL

x—0.95xin

N T 05 %, — 0.95x, an
Xt e FE AR, WA
= 1 x—0.95x, (18)

" 1.05 X, — 0.95 X
XiF B o A AR A FE bR (IS ==k e &
EIRTEEE), N B A, R E R
ST O B dh B e AT AR ME AL . AR HELL S Y
B AR (19) sRIMAL 3
S =100- ) xy-o (19)

o xq o IAREAL T BIFEARE; 0 R EE FRbrR E LA ;
SR A B AMERCR I INALE S5, W3 6.

H 2008 4F S0 A= A AME e, A S T A AR
ERORAWHR S, H 2017 45 K LG 094 M

Z
A
=

FORW WAL T 2012 48 K LART Y A= SHMELR A ROR,
FEARITE: BB RIS BT 2010 4F
THT 53%, FRUI R E SRR AT — 2 I KR
N H5 JiE: BRT SCRC AR YA I b T, Xl 2 3 e e
Ko 507 GDP {5 B Wy HEHCE: B 1 R, A 23 K iR
ETE S = e E S R WY, AT DL DR B AR
G5 Tl bR w8 75 4 Tolk AR 55 % B T4, ok b
T ARG IR M FFLE A K R IE B AL 2 A7
T, W % AT SCRCCA PR T B, N4 B2 7 B8 U5Ff
Sehn, A PR — R

Z MR RAR (19 70 m i, 5 b F b e AL 7 X
FAL sl oy, 142 nl (225 1 - bnifl, W3R 7.

®7T MRS HREE
Tab. 7 The weighted grade standard

OPYRRRE R Bt — i iz
sy

=98.26 =70.63~<98.26 =30.83~<70.63 <30.83

FAESAMETAREE Ry 4 D55 RAT, 347,
— R 2 o YA A AR AU e
98.26 LA - A B iz, Ui A TAR AR A R L R 4%, AR
AMEROR R AF; YIRS T8 br I ALEL e
[70.63, 98.26) , 15 B A= A AMERCR BT P A &R
W& AR FR IR A3 E [30.83, 70.63) X [8], 156 1 4= 7%
AMEROR — s PP R R S HR AR A R AT
30.83, I SAMERCR 325 . ARYE AR Oy R A

£ 55 7% * 155 -
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Evaluation effect of watershed ecological compensation
based on improved SobolSSA-ANP in the Taihu basin

DENG Menghua]’3, HE Zeen', CHENG Sicong2 , ZHENG Hongbinl
(1. Business School, Hohai University, Nanjing 210098, China; 2. College of Internet of Things Engineering, Hohai University, Nanjing 210098,
China; 3. Jiangsu Research Base of Yangtze Institute for Conservation and High-Quality
Development, Hohai University, Nanjing 210098, China )

Abstract: To improve the watershed ecological environment, and to realize the sustainable development of water
resources, government and scholars have taken a series of investigations. Combined with the flexibility of payment
for watershed ecosystem services and the efficient management of government, China proposed watershed
ecological compensation and has piloted numerous ecological compensation programs in Xin'an Jiang, Taihu, and
other watersheds. The implementation of ecological compensation has played an important role in the improvement
of watershed ecology, and it has also impacted the economy, society, and other aspects of watersheds. Therefore, it
is crucial to assess the impacts of ecological compensation on the ecology, economy, and society to further promote
the implementation and improvement of ecological compensation policy.

The evaluation index system, which includes the ecology, economy, social equity, and government investment is
established by taking Taihu basin as a case study area. The ecology subsystem includes the per capita water
resource, eutrophication index, and cyanobacteria density. The economy subsystem includes the total water supply,
per capita disposable income, pollutant emission per unit gross domestic product, and the proportion of tertiary
industry. The social equity subsystem includes the disposable income ratio between urban and rural, the health
security number of beds per 10 thousand people. The government investment includes the investment in ecological
protection. Based on the Dithering Sobol Sequence improved Sparrow Search Algorithm (SobolSSA) and Analytic
Network Process (ANP), the evaluation model SobolSSA-ANP is constructed. In the proposed model, the ANP is
adopted to analyze the influence relationship among indexes and to determine the evaluation matrix. The SobolSSA

model is adopted to optimize the coefficients in the matrix dynamically. Subsequently, the optimized coefficients are
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input into the AHP model to reconstruct the evaluation matrix and to assess the eco-compensation effect.

The results show that: (1) The SobolSSA-ANP improves the consistency and stability of the AHP model, and the
evaluation results are more accurate. The CR values decrease by 1~10 orders of magnitude in the multiple ranges
given by the experts, and the convergence results are more stable than the AHP model. (2) The implementation of
Eco-compensation in the Taihu basin was effective and has improved the ecological environment. Especially, the
effect from 2017 is significantly better than that before 2012. (3) The eco-compensation fund is the most important
factor that influences the eco-compensation effect. The weight of the eco-compensation fund is 0.191 421, which is
higher than the other indexes. Thus, it is necessary to explore market-based and multi-agent eco-compensation
mechanisms to broaden the source of eco-compensation funds. (4) The eutrophication index and cyanobacteria
density are the second and third important factors, respectively. That is consistent with the actual problems in the
Taihu basin. The improvement of the above two factors will improve the ecological environment in the Taihu basin
greatly.

The implementation of eco-compensation in the Taihu basin has promoted the improvement of ecology,
economy, and social equity. However, the eco-compensation funds, the design, and implementation of the eco-
compensation mechanism required to be enhanced. It is suggested to promote innovation of eco-compensation
mechanisms, explore the multi-agent and market-based eco-compensation, and establish a dynamic evaluation
mechanism for the watershed. Meanwhile, establishing the ecological information-sharing mechanism, and
transferring the ecological resource to ecological capital promotes the sustainable development of the watershed.
The proposed model and results can provide a reference for the evaluation of the watershed eco-compensation
effect, and are effective in improving the modernization of the governance capacity. In future research, the
blockchain and marker-based eco-compensation mechanism can be coupled together to improve the trading
mechanism of ecosystem services.

Key words: watershed ecological compensation; effect assessment; Sobol-SSA; fuzzy comprehensive evaluation;
ANP; Taihu basin
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