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Application of five element connection number to assessment of ecological waterway
in the lower reaches of Yangtze River
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Abstract: Aiming at the fuzzy and uncertainty problems in ecological waterway assessment, we built a five element connection
number model on the basis of AHP (Analytic Hierarchy Process) method and the SPA (Set Pair Analysis) . According to the
connection between each index of the ecological waterway assessment index system and the grade standard, we constructed the
connection degree formula, and calculat ed the weight of each assessment index by AHP. The model was applied to assess the ec
ological waterway of Nanjing Liuhekou reach in the lower reaches of Yangtze River. T he results showed that the health condr
tion of this ecological waterway was in Grade "III". The navigation function, self purification function, and landscape & enter
tainment function were in Grade "1", while the ecological function was in Grade "IV ". It is necessary to strengthen ecological err
vironmental protection of the reach. A sensitivity analysis indicated that the assessment results were not sensitive to small anr
plitude fluctuation of the weights of the function layer, suggesting that the evaluation results of the Nanjing Liuhekou reach
were stable.
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Fig. 1 Location of the study area
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Fig.2 Assessment index system for Nanjing Liuhek ou reach
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Tab.1 Grading standards for each single index
VEAA 48 b b N 0 0 0 0 b iE
Cy KZFEBYE/ [(1>100 km) - 1] <0.3 <0.6 <0.9 <1.2 > 1.2 AH IR R332
Co FRAR Vi 58 3 2 ( % ) 295 280 265 260 < 60 fﬁﬂﬁgﬁﬁa
Cs MR MR A a8 <50 <100 <200 <300 > 300 R P SE G R
Cs T KHEE KA KRE 1000 - —3i& 100 F=—i& 50 4F—i& 20 FE—18 10 E—i8  CBidthsEN( GB 50201- 94)
Cs K F LR T LN — M LN gl
Co HIV K EAER (%) <10 <20 <30 <50 > 50 HESE SCERI3®
Cr K G AR R (%) 295 290 280 >70 <170 AR SR SCHRL 3
Cs KFEIFIFRFIHR(%) <20 < 30 < 40 < 50 250 [ B A 40%
Co TNREX K JTIEFR (% ) 290 280 260 >40 < 40 P @R
Co TR/ (mge L) 27.5 26 >5 >3 )
— (CHb 22K 2R 5057 A HED
CyBOD/ (mg* 1) <3 <3 <4 <6 <10 (GRIS3S. 2002)
Co FAERR TR (mg+ 1Y) <2 <4 <6 <10 <15
Cr3 AT L BE( %) 290 280 260 240 220 HH S SCERB 4T
Cu RSP 2 1k 20.8 20.6 20.4 >0.2 <02 L@ NE
Cs 02 e B VEFR 2L 58~ 60 48~ 52 40~ 44 28~ 34 <22 IBI 3% 41]
Cis BB HPIRIAE IR L R4 BT — % % e % S T i ) 23140
Cr S Z FEMEFRSL 23.5 >1.5 >1.0 >0.5 <05 Shannomr Wiener 1531
Cis K ETRKRFE (%) <10 <15 <25 < 30 230 A 2R SCHRL )
Co B R(%) >50 240 230 220 >10 PSSR
2.2 /AR EHE 2
Tab.2 Weight results by AHP method
AR E RS BT ( AHP, Analytic Hierar B. B By, Bs Bs Bs B B
chy Process) B e 48 bl 8, 2R Bvd &4 Hs F A 0 1331 0.3073 0. 1536 0. 1268 0. 1353 0. 1153 0. 0288 e
f— FIRRR IR 7 122, 16 2 R i i ikt Lope . 0 0. 0ee2
v s L T M g o L C, 0.3215 0. 0428
T RBORA AT VAN, DURE RN 4 R R —
C; 0. 1811 0. 0241
Pk ) Cs 0. 5671 0. 1742
BRI R WERIRE XA 4R, R - 0 4320 0. 1330
ot AT o 45 v il AW AR BE A-B F B-C, ¥ 5% Cs 1. 0000 0. 1536
FIWTAE B OF B N Matlab 2, R REL O 0. 5581 0. 0708
eig( A) K EH W H B I 5 RKRF AR Mo FITRFAIE 1) Cs 0. 1322 0. 0171
B R BTSSRI AR R I — S, s O 0. 306 0. 035
. , o o . c 0. 5182 0. 0701
L, WA R w RS EED SR —
- Cn 0. 2692 0. 0364
PRI U Cn 0.2127 0. 0288
U BRI P A BT FIE A o o2 073
TEVE $8 AR 2 70 ) 2 48 5 A, T 5215 2A-B Cu 0. 1946 0. 0224
FI W 46 BE A = 7 5236, CI = Q 0873, CR = Cis 0. 2936 0. 0338
0 0661< 0. 10, PiH A-B HIWFEFEAE —80hk, 1 Co 0. 1866 0.0215
Moo T S 40 R AE 1) RS AT A — LGB W= 02107 0. 7]
Cis 0. 4081 0. 0118
{Q 1331, O 3073, Q 1536, 0.1268, 0.1353,
Cy 0.3802 0.0110

Q 1153,0. 0288} ", K JZ K 43 Hridi i 4% ¥ b 4
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Tab.3 Health condition grading table for ecological
waterway assessm ent
S R it R h 7
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H- WA OB SRR — S & o ZRESE
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PR B A T L RORASR A ICERR BN =
Q 3364+ 0. 2332i+ 0. 2615/ + 0. 0815k+ Q 08731,
BT AERNE 4.

Tab.4 Calculation results of five element connection number relative to Grade I standard

HirZ A HEWZ B BUE w AR TN LT b () LG R 4L
FLIZTEE(B ) 0. 1331 U= 0. 8189+ 0i+ 0j + Ok+ 0. 1811/
A T RE( B 2) 0. 3073 H= 0+ 0. 6667 + 0. 3333j+ Ok + 0/
HbYiGe( B 0. 1536 U= 0+ 0i+ 0. 6667j + 0. 3333k+ 0I
S S O TRIRE(B) ' 4 L= 0. 3364+ 0. 2332i+
*i‘ﬁ. el BRI RE(B 4) 0. 1268 U= 0. 5581+ O0i+ 0. 1732/ + Q 1334k + 0. 1352/ 0.2615 + 0. 0815k +
A HUE VT (A ) 0. 0873
E$6E(Bs) 0. 1353 U= 0. 9904+ 0. 0096i+ 0j + Ok + OI '
HATIEE(Bs) 0. 1153 U= 0+ 0.2351i+ 0.25315 + 0 112k+ 0. 39981
FOWIR SR IIBE(B ) 0. 0288 U= 0. 7883+ 0i+ 0. 1948j + Q 0169k + 0!

e SR B M ARIEAR(7) F0) e 5 -
PVRT 1 B A 2 I T e A JE S5 4], AR S ML 0. 6,
MR 5~ W DR BERE b= f1= 0 3364; ha =
Fi+ f2= 0. 3364+ 0. 2332= 0. 5696< 0. 6; hs= f1+
Fo+ f3= 0. 3364+ 0. 2332+ 0. 2615= 0. 8312> 0. 6,
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Tab.5 Calculation results and grade of the

comprehensive correlation degree

H A5

B A HENZ B h ha h3 ha  hs g
Rz Yise(B,) 0.8189 0.8189 0.8189 0.8189 1 N
HKMBtIiEE(B,) 0 0.6667 1 1 1 0

e

w3 O VP TIRE(BS) 0 0 0.6667 1 1 0
/ﬂﬁ%gt LK ThEE(B) 0.5581 0.5581 0.7314 0.8647 1 0
AE

VY H & ThER(BS) 0.9904 1 1 1 1 N

(A) N
LA TIRE(B) 0 0.23510.48820.6002 1 0

SR RIAE(B,) 0.7883 0.7883 0.9831 1 1 N
LEAWRRE

0. 3364 0. 5696 0. 8312 0.9105 1 0
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Tab.6 Results of sensitivity analysis

FE I D 20%

BUE G N 20%

0. 8w L% 1. 2w 4

0. 8w | ha= 0.5620 hs= 0. 8316 1II L 2w, hy= 0.5773 hs= 0.8308 11l
0. 8w 2 hy= 0.5610 hs= 0. 8162 1II 12w, hy=0.5782 hs= 0.8462 1II
0. 8w 3 ha= 0.3903 h3= 0.8372 Il 1. 2w3 hy= 0.5490 hs= 0.8252 1II
0. 8w 4 hy= 0.5700 hs= 0. 8341 11l 12w, hy= 0.5693 hs= 0.8283 1II
0. 8w s hy= 0.5562 hs= 0.8259 III 1.2ws hy= 0.5831 hs= 0.8365 III
0. 8w ¢ hy= 0.5784 hs= 0.8401 III 1. 2w hy=0.5609 h3= 0.8223 1II
0. 8w 7 hy= 0.5683 hs= 0.8303 III 12w hy= 0.5709 hs= 0.8321 III
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