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Abstract: Urban rivers, located in the strong interaction area of human activities and natural processes, are under great
pressure of human resource development and utilization and pollutant discharge. In recent years, people have adopted a
series of management measures to improve the health of urban rivers. However, current methods about urban river health
assessment mainly focus on the pressures from human activities. The positive measures taken by humans to restore the
ecology of urban rivers are usually neglected. Thus, the assessment results cannot fully reflect the real river health state and
may mislead the management and protection of urban rivers. Therefore, both of the negative and positive human activities

should be considered when constructing the assessment index system of urban river health, which can provide a more
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scientific and accurate assessment result. In this study, a typical urban river (the Northwest-Moat) in Nanjing City was
selected as the study area. Considering the spatial heterogeneity of river health, we divided the Northwest-Moat into six
reaches according to the river's surrounding architecture environment, its morphological characteristics and distribution of
urban pipe network. A pressure-state-response ( PSR) model was then proposed to construct the health index system with
the consideration of human restoration measures on river health. The matter-element extension model was used to determine
the final grade of each river reach and judge the development trend of each river reach’s health. The results showed that the
weights of pressure, state and response criterion layer were 0.458, 0.311 and 0.231 respectively. The pressure indices were
the main impact factors of river health, when compared to the state indices and response indices. The health levels of six
river sections showed great spatial heterogeneity, and the health grades from reach A to reach F were moderate, health, sub-
health, moderate, sub-illness and illness respectively. The health grades of the river reaches that run through parks were
significantly higher than those run through residential areas. The health level of reach B, reach C and reach D has a
tendency for further improvement, while the health status of reach A, reach E and reach F has a tendency for further
deterioration. Therefore, more attentions should be paid to the reach A, reach E and reach F to improve their health status
in future studies. Overall, the proposed method in the study, which combined PSR model and matter-element extension
model, could effectively assess the ecosystem health status and change trend of urban rivers and would provide scientific

guidance for future ecological restoration.

Key Words: urban river; pressure-state-response model ; matter-element extension model ; health assessment
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Fig.1 The location, segmentation and sampling sites of Northwest-Moat
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Table 1  Evaluation index system and its calculation method
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Table 2  Evaluation criteria of river health index system
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ST COD, HEliiE (P1) % 0—04  04—08 08—12 12—1.6 1.6—20 0—2 [6,27]
Uthan river health  NH3-N HEiUE (P2) % 0—0.4 04—08 08—12 12—1.6 1.6—20 0—2 [6,27]
TP HERE (P3) % 0—0.2  02—04 04—06 0.6—08 0.8—10 0—1 [6,27]
KRS AL (P4) — 9—10 7—9 5—7 3—5 0—3 0—10 [25]
T8 (ST) % 0.8—1 0.6—0.8 04—06 02—04  0—02 0—1 [28]
BYEE(S2) % 0.42—0.5 0.34—0.42 0.26—0.34 0.18—026 0.1—0.18 0.1—0.5 [29]
KA (S3) — 90—100  75—90 60—75 40—60 0—40 0—100 [21,23]
THIFH 2 (S4) — 12—15  09—12 06—09 03—0.6  0—0.3 0—1.5 [23]
AR (RD) — 4—s5 3—4 2—3 1—2 0—1 0—5 [25]
TR R R (R2) % 08—1  06—08 04—06 02—04  0—02 0—1 /
5L TR (R3) % 26—3 2226 1822 14—18 1.0—14 1—3 /
HEVS CUARFER (R4) % 08—1 0608 04—0.6 02—04  0—02 0—1 /

S MR TF A R A AEAL T2 A S5 G X 7 A BU(ELY R, 9 S s 155 A S 0 AR 1) BT
I T, AR 0 5 DA o R AT A 380 o7 2 B Y S

(2) RIRPRBOT S AR IR BE TS ARAHE PR I SRR S5 5, K () FORER @ DR IRE T4 j DR 5E
HRJEE K (v,) MR SR TMRA 25250, B AN

(Ui,vm)
SR e 0y
vo'i
K_,‘(”i) = ' (2)
p(v;,0,;) (o, )
V.
<Ul’ 171) p(vl’ oﬂ) v
Hrr,
1 1
p(”, , oj,> ?(aoji + boji) - ?(bnﬁ - anﬁ)
1 1 (3)
P(U” ,,L) v; T E(anﬁ + boji) - ?(bp[ - ap[)

S p(or, 0,) T p oy, 0, AYBIH A 0, 5200 o, TR o (OBEES o, 0,0 0, AYTIRFE RO o i B 2
S f 43 PB4 R (A S

(3) KU HFIE GRS 47 1 BT A 13 R S AT AR LR T i ™) SR A
VAR | AR T BB AR w,

(4) L5 DI FE V1 AR K I TG s S S S50 BP0 ML (x=1,2,3, -+, n) X
TG ]I K (M)

m

K(M)—ZwK(v (4)

http ; //www.ecologica.cn



9 1A ZEWE SRR R PRS- 1 A4 T T R AR TR (R A B 3777

R m BRI, K =max K(M,) WEATH 39 MR T4% ), R K 5K, %K ..
BRI/ T ST T45 20 5T e M e s A 58

3 EROMH

3.1 T BEER)Z BUIRAE SO R A%

FIH 2019 AFEHE0ORE, ARG 2 1 A F8ARIT R IS RIFE PR IR (E, 455 35 2 I PE bR i, B &35 45
PRRAEACA K (2) , AR T A GG OCIR B, DT85 45 6 b5 T Ak 1 55 %, 48 B IR AL B L e Ak 45 4%
W 3 Fron, W& 3 shof LI R e IO 30 T T it i RUBE 38/, R [R] — 48 s 1) 45 A AS TR T BeATS R A7 7
IR 25 5, AT BeAb T MM LL B (T 1) By 48 gl & b5l o 58.3% ,66.7% . 50% 25% 33% L)L
16.7% , KT 5 B A, B C & AR RASHIXTREAE , i B D F WA X2

®3 BARERTREREXNEER

Table 3 The current index value and corresponding grade of each river reach
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Table 4 Index weight of urban river health evaluation system
T2 FEHRIZFLTE Weights of index layer
H bz TED 2 v;(;igil}o[ fBhR)Z ARXF T B AR 2 AR AEX o DU 2 A

Destination layer

Criterion layer o Index layer Index weight relative to
criterion layer

destination layer

Index weight relative to

criterion layer

395 T A JE77 0.458 COD,,, iU 0.130 0.284
Urban river health NH;-N HEjilcs 0.140 0.307
TP HEj & 0.133 0.290
WK A B A 0.055 0.119
R 0.311 R ST 0.089 0.286
B 0.063 0.203
IR 0.049 0.157
Y 2 0.051 0.165
M Jo7 0.231 Y AR B 0.059 0.190
TR A B 3 R 0.049 0.211
T e B0 107 ) U 0.124 0.537
HeVS AL B 0.058 0.252
x5 SABRENBEREGENEREEE
Table 5 Criterion layer grade and each river reach’s grade
i B W2 KHEBE Correlation degree PR 2 2R AL
River reach  Criterion layer 1 I m v \Y% Current level Trend
A S -0.226 -0.046 -0.060 ** -0.428 -0.572 BARET AR
W& -0.331 0.130* -0.188 " -0.354 -0.546 BUFRES AR
L) -0.485 -0.239" -0.394" -0.220 -0.326 BTN N HH 5
A e AKF -0.318 -0.036" -0.177 ** -0.357 -0.507 BIRESE e
B 7 -0.332 0.102* 0.031** -0.356 -0.519 BARKE ) AR
K& -0.141" -0.178 -0.253 -0.441 -0.601 SRS —
Wi 17 0.217" -0.375 -0.556 -0.711 -0.783 151 R 7 —
T R KT -0.146**  -0.095" -0.193 -0.464 -0.605 i fatR
C JE Sy -0.515 -0.280 -0.091"* -0.032" -0.351 RS LI
R -0.401 -0.091"* 0.072* -0.200 -0.435 AR BAFRA
)i -0.085 ** 0.107 " -0.362 -0.575 -0.681 L= A R A L
TR KT -0.380 -0.132**  -0.103* -0.210 -0.453 rhég E AR
D JE77 -0.616 -0.474 -0.182 -0.159 -0.106*  miEJ) —
W& -0.430 -0.186 -0.182** -0.046 -0.449 BERE AR
W) 37 -0.420 -0.543 -0.403 ** -0.104* -0.474 AR i r 85 R
] fek R Ak -0.513 -0.401 -0.233** -0.111* -0.298 TR &g
E JE 1 -0.392 -0.012" -0.147** -0.139 -0.455 BARE ) AR )
R -0.469 -0.262 0.030* -0.120"*  -0.342 LR /NN BERS
i) 37 -0.275 -0.398 -0.188** -0.144" -0.477 A i 45
TR K -0.389 -0.179 -0.102* -0.134*"  -0.425 g RIRTES
F JE77 -0.605 -0.474 -0.215 0.223* -0.212* BT mET
RIS -0.608 -0.501 -0.439 -0.226 -0.085*  ZRE —
i) )37 -0.592 -0.401 -0.430 -0.050 " -0.089 ** BN A B
A K -0.603 -0.466 -0.334 0.021* -0.144 " WREA VLTSS

e TN HE— Y J2 BT A AR - 5 i — SR R B DRI P K, I DU 2 BT Ui A B K P S T — S5, e+ 3R I v D)2 B 3T g gk e
IR 1% B0 X I S5 20 ) SR JRE I g AT O S T Al R K P A 1o 3 SR R K R Y e
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Fig.2  Criteria levels and comprehensive health levels of each
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L5 T 2 2 5 A B K P 5 K0k 7K B B B, 7T Lt 3T B B CL D) BB - o) T
P45 TR M8 TS A F RO REHE KT AT LA RS FAEFITEE D A7 161 S (50 5 TG R 5, (LI
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