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Ecosysten health assessnent of urban riversand lakes for six lakes in Beijing
ZHANG Fengi ing, L U JingLing’, YANG Zhi-Feng (State Key Joint L aboratory & Enviromental Simulation and
Pollution Control, School o Envirorment, B eijing N omal U niversity, Beijing 100875, China). Acta Ecologica Sinica, 2005, 25(11): 3019
3027
Abstract: U rban rivers and lakes include canals, channels (include the underdrain), rivers naturally forming or artificially
excavated running through the urban area, aswell as lakes and reservoirsw ithin urban area

U rban rivers and lakes in healthy state provide envirormental services, and have the aesthetic and humanistic value The
assessnent of ecosystem health of urban riversand lakes is the scientific basisfor their management and ecological restoration
U rban rivers and lakes ecosystam s are complex ecosystan s that interact w ith human ecosystan. Therefore, the concept of
ecosystem health of urban rivers and lakes has two properties The first is the natural property, the urban rivers and lakes
ecosystan s are intact, steady, natural and sustainable, and have the ability to resist the external unfavorable factors The
second is the cial property, the urban riversand lakes eco systam sprovide ecosystem services and meet the people’ s needs for
recreation

The indicator system for assessnent of urban rivers and lakes ecosysten s health is based on the concept of ecosystem
health of urban rivers and lakes T he indicator systen contains three levels, the objectives the eleanents and the indicators
The systam includes six elanents and sixteen indicators These elenents are. hydrological characteristics, water quality,

structure and function of aquatic ecosystans, structure of w aterfront areas, scenic effects and stress factors These elenents
cover four aqpects such as hydrology ecology enviromrment and society.
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Ecosystem health is relative to the assessnent criteria, therefore, the health of urban rivers and lakes ecosystem s can be
dealt with as a fuzzy problem. In thispagoer, an assessnent model w as established using the fuzzy set theory. The analytic
hierarchy processw as used to calculatew eights of indicators

The six lakesof Beijing include X ihai Houhai Q ianhai Beihai Zhonghai and N anhai Employing the indicator system and
model described above, the health of the six lakesw ere compared Itwasfound that: Zhonghai and N anhaiw ere in the state of
transition form unhealthy to critical state, other lakeswere all in unhealthy state W ater quality, structure and function of
aquatic ecosystans, structure of w aterfront areasw ere constraintsof health N anhaiw as ranked as poor, the othersw ere all
ranked asvery poor. How ever, the eclogical envirorment of Zhonghai and N anhaiw ere better than the others, the sum of the
degree of membership to the healthy state and critical statew ere all close to 0. 6, the restoration of these lakesw asmoderate
the sum of degree of membership to the healthy state and critical state of other lakesw as under 0. 3, itw as difficult to restore
these lakes

Suggestionson scientificmanaganent and ecological restoration of six lakeswereproposed:  To control non-point source
pollution and to mprovew ater quality of six lakes and the w ater entering into these lakes To mprove the hydrological
conditionsof six lakes  To rehabilitate aguatic ecosysten and thew aterfront areas

Key words urban rivers and lakes ecosystam health assessnent; indicator system; Beijing lakes
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Table 1 Indicator system for assessnent of urban riversand lakes ecosystean s health
Indicator level
Objective level Eleament level Indicators . .
Calculational methods and explanations
W ater quantit
quantiy . / (m)
. Coefficient of riversor lakes
Hydrological /
characteristics supply . /
V elocity
Quality of surfacew ater (GB3838-2002)
W ater qualit W ater nutrition TSM
quatity Sediment pollution status PI2Lp=[(12 + 12 )/2]Y2
Coverage of aguatic plants /
Species diversity Shannon

Structure and function of

Primary productivity

atic ecosystens [29]
Degree of aquati sy of plankton plants 0. 28chla(ugA ) + 0.96
ecosy stem
health of Condition of land/inland Fr f )
i ater ecotones
urban rivers Structure of waterfront W .
and lakes W idth of the buffer zone of 10
areas ) (m)
vegetation
Viev and tourisn value Fo=f( L
Scenic effects Percentage of public "
satisfaction on environment /
M inimum guarantee rate of
water demand / ®
Stress factors T reating rate of savage / u
Intensity of non-point source x /
pollution (mgA)*

W ater depth: water storage capability/rivers and lakes area; W ater supply/ water loss Flow rate/cross section areg;
Environmental quality standard for surface water (GB3838-2002);
130/2]%2;

wetland); 10W idth(m); 11 F2=f (natural scenery, humanistic scenery, number of tourists); 12 The satisfaction number of people/the number

TSl nutrition index;  Sediment pollution index P! P = [I8ax +

A quatic plants area/riversor lakesares; ~ Shannon diversity index of benthic animals ~ Fi= f (gradient, proportion of artificial
of investigation; 13 Current water storage capability/minimum water demand of eclogical environment; 14 Quantity of treated w astew ater/

quantity of discharged wastewv ater; 15 A verage rainfall runoffx concentration of contaminant/v ater storage capability of riversor lakes (mgA )
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, Table 2 Reaults of weight of indicators
' ' Elanent level W eight Indicator level W eight
0. 349
Hydrological 0. 162 0. 260
A=W x R (1) characteristics 0.391
. 481
A W 0.48
W at lit 0.157 0. 376
W= Wi,wz2, ,we) ;R ater quaiity 0.143
( « ) 0.291
) Structure and function of 0.273 0. 490
aguatic ecosystems 0.219
Ru Rz Ris
1 0.716
Ra Rz Rz Structure of waterfront 0.085 y 0.284
Rai Rz Ras 2 aregs .
R= 2 12
Ra1 Ra Ras 0. 066 0. 367
Scenic effects 1 0.633
Rsi Rs2 Rss %
0. 466
Re1 Re2 Rey 0. 257 1 0.216
Vi Stress factors % 0.318
1
r2; W ater quantity; Coefficient of rivers or lakes supply;
Ri= Wa We A W) M (3) Velocity;  Quality of surfacewater; W ater nutrition; ~ Sediment
e pollution status ~ Coverage of aquatic plants ~ Species diversity,
Primary productivity of plankton plants 10 Condition of land/
2 @ ,Rrj i j y p y p p
R 3 ( ) 3 inland w ater ecotones 11W idth of the buffer zone of vegetation; 12
) 33
( ) ‘ Viev and tourisn value 13 Percentage of public satisfaction on
W ik |
envirorment; 14 M inmum guarantee rate of water demand;, 15
) k . ) . .
Treating rate of sawage; 16 Intensity of non- point source pollution
rj k j s Tki
( : ) ( : ) , ( y Xy Y=
1,2, ,k,Sy y i )
(1
Xy > Syi1 ryi= 1,rpe2= ry3= 0
Sy.i2 Xy Syj+ , fy,j+1= - Jrhyi= 1- ryen (= 1,2 4
v.i y v+l v+l S - S v yirt (j ) (4
G;
Xy < Sys3 rva= 1= rn2=0
)
Xy < Sy,1 ryi= 1, rp2= rya= 0
Syi< Xy Syjr1 fy,j+1= S/,j+;' S/,j’ry'j =1- ey (j= 1,2 (5)
0
Xy > Sy3 rya3= 1L,rpi= rp2= 0
2 “ ”
‘ . , 6 (2
2.1
« » ’ 14

) M unaw ar
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Table 3 Assssnent indicator sand criter ia for ecosystam health of six lakes

Indicators Healthy Critical state U nhealthy
W ater quantity (m) > 1.6 1.2 1.6 <12
Coefficient of riversor lakes supply 21 0.5 1 < 0.5
V elocity (m /) > 0.04 0.02 0.04 <0.02
V V
) I v
Quality of surfacew ater Vclassorworse than
III class Vclass
V class
TSWM < 37
W ater nutrition 38 53 > 54
TSM Indexs 37
Coverage of aquatic plants(%) 60 30 60 <30
Fecies diversity > 2 1 2 0 1
Primary productivity of
rmanp 4 <25 2.5 7.5 7.5 14
plankton plants(g/(m?: d))
< 30°, 45 90°,
30 45°
> 70% 50%  70% < 50%
.d. A . () (] .
Condition of land/inland w ater Gradient< 30°, ) o Gradient
R Gradient 30 45°, .
ecotones artificial o 45 90°
artificial wetland e
w etland 500  70% artificial wetland <
0 ()
> 70% 50%
W idth of the buffer zone of
. > 10 5 10 <5
vegetation (m)
View and tourisn value(Score) > 90 70 90 <70
. Percentage of public satisfaction > 70 50 70 < 50
on environrment (%)
M inim r r f r
inmum guarantee rate of wate > 90 70 90 <70
demand (%)
T reating rate of savage(%) > 70 60 70 < 60
Mg R Unhealthy  m IfFHIR7 Critical state O fi# ¢ Healthy
a b c
F6 [zzzzz2222227727272777277777777 F6 M | 56
FS5 pzzzzz7zzz F5 F5 2 72 7/
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Fig 3 Result of health assessnent
a Xihai; b Houhai; ¢ Qianhai; d Beihai; e Zhonghai; f. N anhai; F1 Hydrological characteristics F2
W ater quality, F3 Structure and function of aguatic ecosystens F4 Structure of

waterfront areas F5 Scenic effects F6 Stress factors
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Table 4 Results of ecosystan health asseessnent of six lakes

Item Xihai Houhai Qianhai Beihai Zhonghai N anhai
Healthy 0.097 0.154 0.103 0.127 0.188 0.277
Critical state 0.125 0.104 0. 155 0. 090 0. 402 0.315
U nhealthy 0.778 0.742 0.742 0.783 0.410 0. 408
Description U nhealthy U nhealthy U nhealthy U nhealthy U nhealthy-Critical state U nhealthy -Critical state

The data in table 4 are the degree of membership of each sub lake to each assessnent criterion

4 , 4 , 0.7 , , 0. 783, 0.42
) ) , 0. 402, 0. 315,
2.2.3® " “ ” ,
5 : 3 , [0, 1], ( 95
5 « M
Table 5 Ecosysten health ranks division and restorable degree of six lakes
d Health ranks P Restorable degree
Excellent Good M oderate Poor V ery poor Easy M oderate Difficult
(1.0 0.8 (0.8 0.6) (0.6 0.4) (0.4 0.2 (0.2 0 (0.65 1.0) (0.35 0.65) (0 0.35)
Xihai 0. 097 0.222
Houhai 0. 154 0. 258
Qianhai 0.103 0. 258
Beihai 0.127 0.217
Zhonghai 0. 188 0. 590
N aihai 0.277 0.592
a) T he data are the degree of membership of each sub lake to healthy state; b)
T he data are the sum degree of membership of each sub lake to critical state and healthy state
( 9, : : :
; , 4 , , ,
) ; 0.6,
: 4 , , ,
2.3
(1) , “* ” (
), :
, “" ” ( ) ,
(2) “ ” “ ” , , ,
3 : : :
N P ] [34] o » ’ ,
3
(1) :
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