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Research on the health of Weihe River based on

AHP fuzzy comprehensive evaluation
XIA Xiaoqiang, ZHANG Le, YAO Lijuan, LI Ke, LI Qi

(Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity,
College of Urban and Environmental Sciences, Northwest University, Xi’ an 710127, China)
Abstract River health assessment provides a foundation for the sustainable development of rivers. As a first-
class tributary of the Yellow River, the ecological health of Weihe River is of great significance for the high-
quality development of the Yellow River. In order to comprehensively evaluate the health status of Weihe River
Basin, the ecological health evaluation criteria of Weihe River Basin were established by selecting 3 criteria
and 11 indicators, including physical habitat status, water quality status and aquatic organisms status. The
weights were determined by AHP, and the Weihe River Basin was evaluated by multi-level fuzzy evaluation
combined with the principle of maximum membership. The results show that 8 of the 25 points are in a healthy
level ; 13 were at sub-healthy level; 4 of them are in unhealthy level, and the comprehensive health evaluation
result of Weihe River is sub-healthy. The ecological health status of the Weihe River headwaters, Baoji section
to Xi’ an section is good, while the ecological health of Tianshui—Baoji section and downstream section is

poor, and the unhealthy points are mainly concentrated in the downstream, showing significant spatial differ-
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ences. The evaluation results of physical habitat, water quality and aquatic organisms are sub-healthy, healthy

and sub-healthy, respectively. Physical habitat and aquatic organisms are the key factors affecting the health

of river ecosystem, which are mainly affected by human activities and natural environment. It needs to take

relevant measures to restore the ecological health of Weihe River.

Keywords

MR EEENESERZ— RS RGN
b S R M R o SRR IR
T KA AR BT TR E SR K B A K SCRAIE Y
AR AT IRE AR 25 AR G W 2 T AR A D B A Bk
A, TR AE S AR BB AL T T T A A B 1
ARSI E R T TR A Ml R D 7 — S [ R
C& PR FEE Py, B T I TS Y )
R ] A T e A S DR BOR 2 B AE B
M1t BB, J8AE SHAA fE BR R AR
AT T IR S AR AR 3
AP SN A SRR AL A AR EE i A 2
IEL e BB BT [ B B 1 A 25 B e A
B GF AT, T2 25 R B R AE 252 407 T HA
oy BB A Sl B I A A A A
JOFC R R R % 1 A R o YR AR Sy
9 — G S, i BT 0 A 2 PR R oy D
T B — B, BT KA T RO A R Ok
H—RIK” 285 X A% 0 b, 78 P4 38 R KR
s e EL A o () e (AR R R A L T TR 9 SR
A MR R AN MG % TR TR A A
TEBRETAR C A 25 5 IS T R BE A T 1 F 5
ORI, TR AE S R G B LAY 5 A ) B
SRR VA4 b A R 3 A BT ST T P
TR ITIEDARE FRRARE

AHIFELLE T T AW TR R, B R AR
TR AE R PR R T T #0858 DNA FOR , R GeH
KA RS R GUERE BRI AR R . TES KR
CmT I S FEPEAN 5 7l (A7) ) & L, 538 T y]
TR A 250 B A58 K50 K AR A W R R S
b, SRR IR AR I FE AR R R A3
SRR, X T ) A A A T PR, D8
TR R S

1 HRXER BRERESHRTTE
1.1 FHREHR

HERE RS IE Y Y R TN DE G ONG- B/ R
A R T UL B R, R R AR A Ak

physical habitat; water quality; aquatic organisms; health evaluation; Weihe River

PUrRER, AP M AR EE A A E S Rl
B KT, BEPE A S R ) S T LSBT P
L E A, 2IE O E A, 2K
818 km , JiIa s A 134 766 km” (JLIE 1) , s
b T B, M PR AR A A 2 AU SR R 4
Bz 1 4 L, e I 2R 0 LUk, AT Ok, HE
Hi TR SRR w B S, AR R Y AR AR TR T
ALK, B LA RE LRICA T, i
BN R A, NAORZ NN T E
KFESE S SRS AR,
1.2 ERiBHERIE

Ry A TN T AT A0 A A R R O, R T
TIE T 25 PRAESAI (UL 1) o R4E 2022 4
9 A1 2023 4% 6 H 2 JHEHE , G045 W) FEA S b |
K BKA A 3 il RAEZS R BN, TE T
i pH 9 8 ~9, F 48 .S0,”” PO’ |NO,_ %4k
PR T FRAK A5 T i b o) 1K bn e, e
W S0 2% ) A8 Ak, R, ff 5 7K 36 bR oA NH,-N
TP DO D) Jz COD, $di el W4 1,
L3 EMIERERNEL

ETEMRBUKAESHE LM, TR
TR ) AT S M BT PPN AR, R )R
UCHE L ARRMEIEI, KRGS SR 2123 ], e
Wt HARZ RN 2 R85 )2 3 A2 IR
MR R R ITLETE . 56 1 2N ERZ, 2
CEATENTE I A SRR O 5 55 2 2 e
JZ, PP EAT S RS . K RS L KA A R
B 3 ASASIRITE A A B S BT e K A 285 {7k T 5
53 ZNEE, BIRERENE . R
JE R 2R Il R L VAR R
e A L KAEAE AR 11 D EARA . H
25 AR AE P A6 25K A Shannon-Wiener Z 1k
FRECFN Margalef Y8 4= 5 fa B4 T V74, HHR T
BiH

s
HZ_ZPL'lngPi (1)
o1

3 H 7R Shannon-Wiener ZHMAEHG S R
SRR P, BRI S B e



3 SN A5 BT AHP-BOR 255 DA 12 TR 3] i {2k R - 415 -
_1030E 104°0'E 105°0E 106°0'E 107°0E 108°0 100°0 1 110°0E 111°0E 2l
o = j ' B j " j ) 2
3 / / /.) N a

/ { e P AR A
- A 3 § /.}l
) () MEEEERX 5 <_ { 02550 100 |_
| I ’ } ?\> s 12
o e
(_;/ z
§ Hma §
? INESy
3 Bl
= P E:3747m =
§ . som]E
@ R#=
— &%
) — mR -
: 1. == S |4
"I 0208 050 060 E 0708 TR0E TS TO0E IN0E i
1 IR SR A UL 53 A1 18]
Fig. 1 General situation of Wei River and distribution map of sampling site
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Tab.1 Source and explanation of Wei River index data
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Tab.2 Evaluation criteria of Wei River ecological health evaluation index system
B B AR
HirE W2 52
I CAEs ) T CfERR)  MOWAERE)  IVORERE) V(EE)

WEREE 80 ~ 100 60 ~ 80 40 ~ 60 20 ~40 <20
TR SR 80 ~100 60 ~ 80 40 ~ 60 20 ~40 <20
VIRRRRIE gyt 80 ~ 100 60 ~ 80 40 ~ 60 20 ~40 <20
KB 80 ~ 100 60 ~ 80 40 ~ 60 20 ~40 <20
o TP <0.02 0.02~0.1 0.1~0.2  0.2~0.4 =0.4
% NH,-N <0.15  0.15~0.5 0.5~1.0  1.0~2 =2
e KB cop <I5 15 ~20 20 ~30 30 ~40 =40
DO =7.5 6~7.5 5~6 2~5 <2
A SN 2T EL >3.5 3.0~3.5  2.0~3.0 1.0~2.0 <1.0
KA fRFEE IR >3.5 3.0~3.5 2.0~3.0 1.0~2.0 <1.0
WK L REETE B >3.5 3.0~3.5  2.0~3.0 1.0~20 <1.0
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Tab.3 Weight distribution results of different layers
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5 & €It &
RERRE 0. 444

] iy AR A P R 0.222

Yy PEARG 5 0.242 4 + A T 0.222
K U 0.112

TP 0.337

NH,-N 0. 337

K 0.312 4 COoD 0.184
DO 0. 142

JEA 3P 2 REPEFE R 0.333

KA 0.445 2 AR ERH 0.333
R AER i 0.333
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Tab.4 Physical habitat quality evaluation at each sampling point of Wei River
PR R i
s il I v v i I 2
(AEH ) (fER) (7 B ) (AERE) (HE)
W1 0.220 0. 450 0.330 0.000 0.000 I
w2 0.000 0. 640 0. 300 0. 060 0.000 Il
W3 0. 000 0.110 0.720 0. 170 0. 000 I
W4 0. 000 0.320 0.300 0.380 0.000 \Y
W5 0. 000 0. 170 0.330 0. 500 0. 000 v
Wwo 0. 000 0.320 0. 500 0. 180 0. 000 I
w7 0.000 0.278 0. 500 0.222 0.000 I
W8 0. 050 0. 500 0. 390 0. 060 0. 000 Il
w9 0.112 0.333 0. 444 0.111 0.000 I}
W10 0. 000 0.278 0. 500 0.222 0.000 I
Wil 0.112 0.222 0. 444 0.222 0. 000 I
W12 0. 195 0.472 0.333 0.000 0.000 I
W13 0.112 0.222 0. 444 0.222 0.000 1T
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THT R AR UGS
s 1 m I\ Vv L
CIEH AR ) (fe ) I AR ) (AFFE) (£%)
w14 0. 220 0. 224 0. 334 0.222 0.000 m
w15 0. 389 0. 500 0.111 0.000 0. 000 i}
w16 0.112 0.222 0. 666 0.000 0. 000 i}
w17 0.112 0. 443 0. 445 0. 000 0.000 m
w18 0. 360 0. 640 0. 000 0. 000 0.000 I
w19 0. 084 0. 472 0. 444 0. 000 0. 000 I
W20 0.110 0. 444 0. 446 0. 000 0.000 i}
w21 0. 084 0. 472 0. 444 0. 000 0.000 I
w22 0.112 0.222 0.222 0. 444 0.000 \1
w23 0.112 0.222 0.214 0. 452 0.000 \1
w24 0.110 0. 444 0. 446 0. 000 0.000 i}
w25 0. 000 0.172 0.528 0. 300 0.000 m
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Fig.2 Content and change trend of four water quality indexes



#34 SN A5 BT AHP-BOR 255 DA 12 TR T e Ak R - 419 -
S IETARAE SR TR A
Tab.5 Water quality assessment at each sampling point of Wei River
TR bl ]
s I I il v v I I 53]
(A f ) (fER) () (AfERE) (HE)
W1 1.000 0.000 0.000 0.000 0.000 I
w2 1.000 0.000 0.000 0.000 0.000 I
W3 1.000 0.000 0.000 0.000 0. 000 I
W4 0. 663 0.337 0.000 0.000 0. 000 I
W5 0.479 0.521 0.000 0.000 0.000 Il
Wo 0. 663 0.337 0.000 0.000 0.000 I
w7 0.326 0. 331 0.343 0.000 0. 000 IIr
w8 0. 142 0.674 0.184 0.000 0. 000 Il
W9 0. 663 0.337 0.000 0.000 0. 000 I
W10 0. 663 0.337 0.000 0.000 0.000 I
Wil 0.326 0.674 0.000 0.000 0.000 I
W12 0.326 0.674 0.000 0.000 0. 000 |
W13 0. 142 0.238 0.436 0.000 0. 184 I}
W14 0.326 0.674 0.000 0.000 0. 000 Il
W15 0. 142 0.674 0. 184 0.000 0.000 |
W16 0. 142 0.674 0.184 0.000 0.000 Il
w17 0. 142 0. 858 0.000 0. 000 0. 000 Il
W18 0. 142 0. 858 0.000 0. 000 0. 000 Il
W19 0. 142 0.521 0.337 0.000 0. 000 Il
W20 0. 142 0. 858 0.000 0.000 0.000 Il
w21 0. 142 0.184 0.674 0.000 0.000 I
W22 0.142 0.184 0.674 0.000 0.000 I
W23 0. 142 0.674 0.184 0.000 0. 000 I
w24 0. 142 0.000 0.521 0.337 0. 000 Il|
W25 0. 142 0. 858 0.000 0.000 0. 000 I

2.3 BikKEEYSEHETEN

AR A SEREAE T A S RGP BAT R IR
(B SRS, — 2R LR HE R R A A
ARGHALAL . F AT AR ) 5 A 1
B RORIE BRIk 7/ cfe b TN
S AR AR A RS T PR AR |
PN N )iz, B R K T A 2 A B
R o AW TR BUR A A 4 L 02 Ok I
WA T B AR S R R o AR R A 4R T T T it
R M6 H 1135 &8, iR iiRnZ,
1 18 Jm 21 Fs 26 6 1] 51 Jm 262 B, bk
W1 2, 3031 26 J& 218 Fi s JIRAT £ W) 7
17 H 56 B, METARGRE DTk, RS+
SRR AR L S B 2k 5 H 10
Bl 33 J&@ IRAIEY 7 40 16 H 56 B, %A 5 1146
J& 248 Ff. REHILEE R M4 H 9 R 38

ROV R T 4017 H 55 BE, 26 1757
AT R FER 55 DNA $oR | fil % 5 4 1 b S
e T IR A K A R AR (L 3) .

WIE 3 7,3 28K AR A P38 BCER 2 0 T %,
FEETE A T RS A S, 3R T I
Pk (W1 W2) K JRAF, Je v & R A, 1T RIS R &
e A EM K KK B X0 BE(W5—W9 ) Hly 3
VEFEH, KR BB, ELIT K i, 35 B A, R
FITF AR A R SR, T WS R R A K 5 T
PEACHF R , 5208 28 75 22 B (W10—W18) gy
Frg SO BIARARIC A TR 2%, & v A R
1%, AR BB I 22 K AR A ) R B S
FERAT s V92T SR B (W19—W25 ) /K i A 2%,
TP LUK NH,-N (955 Fh 5, 0K o, R ) F 4
W LEAT o

SRR FERTERB BRI



- 420 - (LBl QSR S) 54 %

f*ﬁi%%ﬁé PEAEEL, Z8 5 PRI KA B DR DA T IV 28 O R ), 28 o s 1Y
DL, ERINGR 6 7R o 25 ASRMER 2 DAl 80% o MUKAEAWI M BERF , TR Il E A4k T 0 4
T UM ,20 Drifisb TIOR3 BRIRES.

35 3.0 3.0
3.0 25
% 25 ﬁ
x20 ﬂnml 5 E
£1s 8
€10 ﬂll 0 .
i b
0.0 0.0
LSO \\\4\\.%\“*: SLLLL \\\A\AA*- DL oL SLLoPe
(a)f*ﬁi% (b)fa 2 (C)ﬁﬁ
K3 KAEYR bR S
Fig.3 Variation trend of aquatic biological indicators
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Tab.6 Aquatic biodiversity assessment at each sampling point of Wei River
TR A
s I 1 I v v [t &
(A ) (fEFR) IR ) (AMERE) (£%)
W1 0. 000 0. 633 0.367 0.000 0. 000 I
w2 0.000 0.383 0.617 0.000 0. 000 I
w3 0.000 0.110 0.590 0. 300 0. 000 I
W4 0.000 0.000 0. 810 0. 190 0. 000 Il|
W5 0.000 0.000 0. 540 0. 460 0.000 I
W6 0. 000 0. 080 0. 630 0.290 0. 000 Il|
w7 0.000 0. 130 0.610 0. 260 0. 000 il|
w8 0.000 0. 256 0.674 0.070 0. 000 I
W9 0. 000 0.220 0. 690 0. 090 0. 000 Il|
W10 0.000 0. 280 0. 600 0. 120 0. 000 il|
Wil 0.000 0.200 0. 800 0.000 0. 000 11|
W12 0.000 0.220 0. 680 0. 100 0. 000 il|
W13 0. 080 0.340 0. 450 0. 130 0. 000 Il|
W14 0. 000 0. 300 0. 580 0. 120 0.000 Il|
W15 0.000 0.430 0.310 0. 260 0. 000 I
W16 0.000 0. 400 0. 480 0. 120 0. 000 Il|
w17 0. 000 0. 190 0.720 0. 090 0.000 Il|
W18 0.000 0.230 0. 550 0.220 0. 000 Il|
w19 0. 000 0. 080 0.590 0.330 0.000 Il|
W20 0.000 0.000 0. 620 0. 380 0. 000 m
W21 0.000 0. 090 0.530 0. 380 0. 000 11|
w22 0.000 0. 040 0. 540 0.420 0.000 Il|
w23 0.000 0.000 0. 480 0. 520 0. 000 v
W24 0.000 0.000 0. 200 0.770 0. 030 v
W25 0.000 0.000 0. 020 0. 580 0. 400 v
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Fig.4 Comprehensive assessment of ecological health of Wei River
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