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Naturalness evaluation of rivers based on the fuzzy comprehensive evaluation
and the grey correlation analysis

YAN Lin', MA Lan', PAN Chengzhong?, ZHANG Dong’, SUN Zhanwei',
ZHANG Jinge', LIU Jingjing', LI Junyou'
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. College of Water

Science, Beijing Normal University, Beijing 100875, China; 3. Ecological Environment Monitoring Center for Soil and

Water Conservation in the Yellow River Basin, Xi’an 710021, Shaanxi, China)

Abstract: [Objective] To restore and better protect the naturalness of Yongding River, one of the five major
rivers in Haihe River Basin, the current study is aimed at the naturalness evaluation of it based on the close-to-
nature concept, which is of grate significance of the drinking water safety of residents in Beijing and the water
environment of Haihe River Basin. [Method] Taking the Beijing gorge section of Yongding River as the study
subject, the evaluation index system of river naturalness was constructed with 25 qualitative and quantitative
indexes selected from five aspects, namely, hydrological elements, cross-sectional configuration, physical and
chemical properties of water body, riparian zone conditions and social ecological value of river. Then, the
weight of each index in the evaluation system was calculated with the weighting method of analytic hierarchy
process intergrated with the entropy weight method before the naturalness of the river is evaluated and the

natural grade is determined employing the fuzzy comprehensive evaluation method and the grey correlation
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analysis respectively. [Result] The naturalness of the river evaluated employing fuzzy comprehensive
evaluation method is generally consistent with that using the grey correlation analysis, and among the 21 river
segments, the natural, near-natural, degraded and artificial river segments accounted for 14.29%, 28.57%,
46.62% and 9.52% of the total river length, respectively, and the length is about 7.5, 15.0, 25.0 and 5.0 km.
[Conclusion] In general, most of the investigated river segments are being degraded, but they all still display
potential in restoring the naturalness and the fuzzy comprehensive evaluation method and grey correlation
analysis are both feasible methods for river naturalness evaluation. [Ch, 3 tab. 27 ref.]

Key words: water environment science; river ecosystem; combination weighting; grey correlation analysis;

fuzzy comprehensive evaluation; Yongding River
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Table 1 Index system and index weight of naturalness evaluation of Yongding River
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Table 2 Evaluation of different naturalness classes for different reaches of Yongding River by fuzzy comprehensive evaluation and grey correlation

analysis
e B LRSI TRAB SIS 5312
o AARREN  EARREN  BARET ATKRSEST F% AKRKREN EALRSEST  BAeRET ATRETD F4%
1 0.200 0.233 0.211 0.241 I 0.738 0.729 0.783 0.789 |
2 0.208 0.211 0.228 0.217 1 0.740 0.788 0.793 0.733 I
3 0.178 0.235 0.212 0.204 I 0.769 0.791 0.803 0.716 Il
4 0.178 0.187 0.186 0.171 il 0.763 0.786 0.769 0.727 i
5 0.138 0.160 0.183 0.178 1 0.746 0.757 0.779 0.754 I
6 0.138 0.144 0.133 0.136 I 0.767 0.783 0.764 0.742 [l
7 0.155 0.160 0.223 0.143 II 0.743 0.753 0.767 0.750 I
8 0.155 0.188 0.162 0.157 m 0.779 0.794 0.789 0.775 |
9 0.188 0.201 0.284 0.172 I 0.752 0.758 0.762 0.722 Il
10 0.164 0.180 0.168 0.185 I 0.735 0.739 0.746 0.756 I
11 0.165 0.157 0.151 0.159 v 0.758 0.724 0.713 0.749 \Y
12 0.204 0.185 0.170 0.177 v 0.781 0.763 0.775 0.738 \Y
13 0.253 0.241 0.206 0.225 I\ 0.800 0.772 0.768 0.716 v
14 0.150 0.150 0.161 0.128 1 0.753 0.779 0.790 0.745 I
15 0.160 0.184 0.198 0.173 I 0.761 0.764 0.766 0.755 Il
16 0.158 0.177 0.189 0.178 II 0.760 0.774 0.783 0.747 I
17 0.162 0.176 0.178 0.177 I 0.750 0.832 0.795 0.743 m
18 0.125 0.124 0.184 0.129 I 0.691 0.782 0.810 0.759 Il
19 0.193 0.207 0.193 0.175 il 0.764 0.814 0.807 0.727 il
20 0.178 0.179 0.177 0.158 m 0.789 0.798 0.775 0.703 |
21 0.228 0.222 0.260 0.250 Il 0.763 0.790 0.800 0.728 Il
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Table 3 Data of main quantitative indexes in Beijing Gorge Section of Yongding River

Flﬁgi'ri f'ﬁﬁ b wE AR R W R 5 7J<3m:'5.f iR KR T %}E?ﬂlﬂ%ifﬁ SORZHE
£ W (mg'L") (mg-L") #/(mg'Lh L P WHELL Wikt B B MHER
11099  10.75 0.11 16 621 5280 1.05 064 1 1 1.09 74.95

FRIRAS 12 1.04 1048 0.09 14 153 4850 1.04 082 0 1 1.22 87.42
13 113 1071 0.08 13 312 3680 1.05 083 1 1 1.08 68.78

(1.05)  (10.65)  (0.09) (14) (3.62) (46.03) (1.05) 0.7676 1 1 113 77.05

4 203  11.69 0.19 24 472 5900 104 096 1 2 1.03 54.47

193 1044 0.21 33 268 2980 1.02 063 1 1 1.04 82.26

I ESRIRAS 8 220 4.77 0.14 10 1.75 5040 111 021 1 1 1.14 60.26
19 185 9.83 0.10 22 349 1660 1.04 089 2 3 1.18 80.18

20 204  10.03 0.37 32 495 1320 110 082 1 2 1.20 74.43

SEE 2.01 9.35 0.20 24 352 3380 1.06 070 1 2 1.12 70.32
—— 3234 1025 0.16 28 496 4420 102 069 1 4 1.16 77.36
17 248 9.76 0.04 18 342 2080 1.1 090 1 2 0.89 81.18

M 241 10.01 0.10 23 419 3250 107 080 1 3 1.03 79.27

2 317 1013 0.25 25 572 2040 102 095 2 3 0.86 73.67

5 222 1126 0.27 27 424 4380 100 089 1 2 1.19 81.34

7 243 1050 0.10 16 627 4120 103 063 1 2 1.15 80.44

9 185 9.45 0.11 20 959 57.60 1.03 035 1 1 1.22 76.79

SEARIRES 14 335  10.09 0.20 17 159 2840 101 085 1 2 0.91 67.80
15 314 1018 0.24 11 256 1060 1.05 090 1 2 0.81 65.88

16 327 1031 0.13 13 350 2540 1.06 085 1 2 0.54 89.62

18 3.10 9.63 0.15 12 450 2280 113 091 1 3 0.94 61.16

21 257 1018 0.09 25 1.00 2270 1.04 077 3 1 1.16 81.98

M 279 10.19 0.17 18 433 3032 103 079 1 2 0.98 75.41
AT 1 335 1077 0.12 39 6.60 3020 1.00 096 2 3 0.74 83.26
10 466  10.62 0.15 16 652 31.00 101 045 1 5 0.61 75.04

I 401  10.70 0.14 28 6.59 30.60 101 071 2 4 0.68 79.15
MOFE 244 10.09 0.16 20.52 423 3254 105 076 119 210 1.01 75.00

iR PR 2RI 7 0 R — I BOTAN AR AR A B, BN B AT 4552 A T AR HARSE L. 55 B A F M

55 3 MBS 17 W BALFIE HARRES SRR W . 55 3 B2 RS K . SEKI, &l
J7L BRI TR IR, MRS TR e SN HLL, WaES MY, REE
44.20°, Wi+ GOE AR KIBES RGNS DIRESZ B2, T N R AR 0 AR
BEAG, 28, RSN A F AT Z 8 i . ARPEINE T A SR IE AR, AR BE M FEAn b
41.67% AbFiE FAARIRAS, 58.33% A FiRALAIRAS . 55 17 WS, 32 MR K IRARIE & B, T
W EOWK 2, S 2S5 81.18%, /KM R 248, KFFI{E . %W B &t o 0 48 #r v
66.67% Kb TiT HARIRE, 33.33% A FiRALIRE . MRIITFMEER, 456 LA SO ST 3 R
PR, FeAHRESS 3 MBS A 17 W B TARARIRES o I s Ot /K VRN 2K 300 A AR 25, 9 fin a2
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