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Abstract: Based on the summary of city illnesses in both here and abroad, multi phenomena and causative factors of city
illnesses are analyzed. As a matter of fact, urban ecosystem is a kind of special system which is different from general
natural ecosystems. From this view, the methodology for urban ecosystem health assessment should not be directly
transferred from that of the natural ecosystems. In other words, more attentions should be addressed on this specified
ecosystem for its structures and functions, such as its supporting function for economical growth, and its bearing capacity for
human living. Due to the discussions above, this study brings forward an integrated and multilayer system for urban
ecosystem health assessment, which is called CSAED model. This system is composed of five subsystems which could
represent the primary and leading functions of a general city.

An integratedsystem of CSAED model including five subsystems: Carrying capacity ( CC), Supporting capability
(SC), Attractive capability ( AC), Evolutional capability ( EC), along with Developing capability ( DC) is brought
forward. Each of the five subsystems is consisted of six to eleven indicators. Altogether there are 40 indicators. All the
subsystems and the indicator groups are combined together to build up an integrated system. Through the comprehensive
indicator framework , the connection between city illnesses and restrictive factors could be detected. After the relationship

analysis framework, a comprehensive system for Urban Ecosystem Health Assessment ( UEHA ) was build, with a
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propagable UEHA model. The UEHA model was an integrated model system composed of several mathematic methods,
including: (1) trapezoid shapes of subject functions, (2) modified mean square method, (3) weighted Euclidean distance
arithmetic method, (4) weighted consecutive addition method, and (5) weighted consecutive multiplicative method, etc.
This UEHA model has some good qualities that it is capable for comparison among both temporal and spatial objectives.
Furthermore, the model is easy to actualize on computer and it could treat data groups for multi-year and multi subsystems
simultaneously.

Based on the above theory and model, a case study of Beijing City was utilized in this paper. Not only the single factor
diagnosis was applied, but also a series of temporal index for UEHA was calculated for year 1999 — 2005 using the
integrated UEHA model. Then the nosogenesis of city illnesses and disease course of Beijing City were discussed. The result
shows that there are six aspects of constraint factors for Beijing's city illnesses, including: (1) atmospheric pollution; (2)
water pollution and water resource shortage; (3) natural resource shortage; (4) infrastructure imperfection; (5) Economy
needs more development; (6) more strategies should be addressed on industrial pollution control. The urban ecosystem
health assessment for Beijing City demonstrates the whole theory and model of this study are feasible and viable. This study
is referable for many other Chinese cities with illnesses like Beijing, and the whole urban ecosystem health assessment

model was also propagable to other cities.

Key Words: urban ecosystem health; city illnesses; weighted Euclidean distancemodel ; Beijing City
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Fig.1 Relationships among the five subsystems of CSAED model
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Table 1 Diagnosis and analysis of modern city illnesses

%14 Object B THAEEIR City illness symptoms $EME Strategies
A7 Ecology W AESEAL, F4LE 2> Ecology degrades, and green space is sparse ce ﬂﬁj} i
Carrying capacity
555 Enviromment KR, K5, 8B, A FEFHE AL Water and stmospheric pollution,
trash pollution and community is not qualified for human living
YU Resources AHT B R, EFH , R SC ¥
Human-land confliction, limited dwelling, resource shortage Supporting capability
— BRES , SIRFEA R AT «
ey Energy shortage, high elastic consumption coefficient
S5 Tammportation SRR, ST MR, B AC 31y
P Traffic congestion, tail gas pollution, noise, traffic accident Attractive capability
HCRH S Tnfrastructures ﬁﬁ]‘ﬁi )(ﬁifgxﬁé, AHIKBFETE )G The imperfect of hazard prevention system, AC
and civil engineering
ADEELR, B RERKF TR EC FELE )

A 0O Population

High population density and decreased life quality
PR AER, T ERE, B R E¥ /5 Extensive economic growth,

Evolutional capability

2.3
£ Economy heavy industrial pollution, lagged development of the 3rd industry EC
i S . . DC &&S1
EHHBE Policy B’ARESAR, 1B S E AR Shortage of funds and insufficiency of treatment N .
Developing capability
oy = A ; ;
R B Techniques BRE S B, SRS &4 RL Low percentage of high tech production, low DC

rate of pollution treatment and recycling
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Table 2 Indicator framework for urban ecosystem health assessment

TRE No. #5#R Indicator AR Hidk TRE No. #5%R Indicator AR Hidk
a Target Source a Target Source
CC 1 BEXFLESR(%) >60 [27] EC 22 XA B EE(10*/km?) 3500 [30]
2 LA A (v/hm® ) <0.471 b 23 WiAER(% ) 85 [32]
3 BRI PM FHIRE (g/m’) <0.100 c 24 ADBERERE(%) 0.80 [30]
4 BRIKERRMFE (dh) <50 c 25 WMEERBBRRE(%) 35 [29]
5 ERXKEEE (db) <50 c 26 FRILEAZER(%) 100 d
6 TBKFIRARE(%) 100 d 27 WA SZEMA (yuan) 15000 d
s¢ 7 4EREKE(mm) >585 f 28 REAIYLEIA (yuan) 8000 [27]
8  APrHmIR 1.62 [28] 29 GDPHEKZE(%) >10 d
9  Hi¥y GDP P={H(10* 5T/km?) 10400 [29] 30 ==l 5 GDP HLE(%) 45 [33]
10 BEAMEEERER(m) >0 [30] 31 A% GDP(yua) 80000 [27]
11 BKAEBER(m®) >8 [31] 32 HEPUMARIER(%) 45 [34]
12 BAfi; GDP i$E(1Sce/10*yuan) <0.5 [31] DC 33 #FiHs# 5 GDPELE(% ) 5 d
AC 13 ABMEEE(km/km?) 1 d 34 FIEFRPRFE L GDP (%) >5 [27]
4 FABAREHAR 120 e 35 [EEFRTHEPG GDP (%) >40 [31]
15 BAFELZEM 100 [27] 36 TAVERSEFIRE(%) 80 g
16 HT km’ ARHEBTERHH 25 d 37 TEK#FE(%) 10 d
17 = #H 5 GDP LWE(% ) 20 [27] 38 TAbEAKBAAHEEE(%) 100 d
18 AJgHpesll 558 (yuan) 2500 g 39 TbBkHERE (/10 yuan) 8.6 [28]
19 /NEREHUTHRIEEES 10 h 40 TAv[EBE=4 & (1/10*yuan) 0.5 [28]
20 BTAFEHLERE 5 [31]
21 HTAHBERKLE 8 [31]

1. green space rate in the city zone; 2. fertilization quantity of unit farmland; 3. the PM,; concentration in the city zone; 4. road noise in the city
zone; 5. regional noise in the built area; 6. percentage of river water quality that reaches the national standard; 7. annual precipitation quantity; 8.
farmland per capita (mu); 9. GDP for unit land area; 10. dwelling area per capita in city zone; 11. road area per capita in city zone; 12. energy
consumption every unit GDP; 13. road net density; 14. private car possessions for every 10° people; 15. bus amount of every 10* people; 16. fire-crash
trucks of each 10° km? area; 17. percentage of real estate investment in GDP; 18. posts and telecommunications cost per capita; 19. the number of primary
school students that each teachers in charge of; 20. certified medical personnel for every 10° habitants; 21. sickbeds for every 10° habitants; 22.
population density in city zone; 23. urbanization rate; 24. population increase rate; 25. Engle’s coefficient for urban families; 26. school entrance rate of
right age children; 27. goverable income per capita in city zone; 28. pure income of rural habitants per capita; 29. growth rate of GDP; 30. the rate of
the 3rd industry in total GDP; 31. GDP per capita; 32. percentage of the 3rd industry employees; 33. percentage of foreign investment in total GDP; 34.
percentage of environmental protection in GDP; 35. percentage of fixed assets investment in GDP; 36. comprehensive recycling percentage of industrial
solid wastes; 37. industry growth rate; 38. eligible release rate of industrial wastewater; 39. release quantity of industrial wastewater; 40. industrial solid
waste quantity; a. subsystem; b. X 1995 4E g HE(H take 1995 as benchmark ; c. [E#F national standard; d. ZE4E B4R ideal target value; e. - FFHE
global average value; f. Z4EF ¥[% K & multi-year average amount of precipitation; g. ###}# conjectured from development trend; h. 24 2005 £y
YE{H take 2005 as benchmark
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PREGIRTITAE S R GEAEFRIFAE R , REBAR AP X FLIR T 2 1B B FE R K - 22 57, (B R X 5 AN B9 E 20 A
—EMNNHEER; MET RS HTHPPT55E , BAR T LU X AT 0 RSB N E R, B R, X
MNENERITTE %, WERSE T IR RO ERE A E T2 Z B BB

AT R ERAR , AXBETEEESRREEL, AIRTTH) CSAED B2 H R MBI A S R ERITFA
B, LUE R84S BAREDN AR , B SE R TR AN E 75 BARMEZ R BB B, 3 T AXH IR
AZRGHTRET 20 RE , A 28 2N E, B R T A OuH e BUE R E W, R Ak R
BE BRI B BRI JINBUETRE , NIRRT A S R ARG S 184 T LIE W BRI
A RE BRI T, BT AT IR ) B BAR SR 2% R GE AR XHEERR K F , [7] B i BE A5 J& I g
B] 3 7347 , 1 BEREAT 251~ ia A O 1 e, Do R N I T B 3 3 B BRPRSR SRR 224K B
1.4.1 JRipEEE

WRIER 2 BRI R HE £ =1,2, - kT RENEIEER, o, 8 T RENRREEER X A
EARMEAERE X0 A2 -

Xy X U Xqp

X _ 21 22 2n ( 1 )
xml me e xmn

Xh:[xhl Xpp °°° xhn] (2)

A, R § SRS MR RS 0, AR j M BIREG =1, ;m; j=1,-,n),
1.4.2  JFIGEIEAEHARE T 21T
HRAEIRTIT A 7 ARG PR B R B L, ASOR B BB TE R B B IR 4, X IR AR H548 HEA TR VAL , SR R B B8 7
RANE 2 B
r o TR r

Positive indicator b AR FI
Negative indicator

B2 R ERR

Fig.2 trapezoid shapes of subject degree functions
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&F RGN BIRHATE R FIBGER I 206502 o W7 2R URE S BLER AR RN H X B B, 5
REMN B RBAEAR R B DA . PR SRR RO E PRI T

1) XIRIGHER X BE17 TLE At

¥y = %y/max(x,) (5)
2) HEEHH R B
=Ly, (6)
3) BRI T T
$ = L3 0y -1 (7)
O HEE
w; = sj/is,. (8)
S
iw,. -1 (9)

1.4.4 HEMAERREEE
AR P B A T RS R DERS IR .

dMJ:Jg[wjx(ry_rih)z] (10)
EFREWMERIBEATHE:

hos=1-dy (11)

BER PR ERE 1 ~3 BB, AT ERINEN T REXS D do M by go dy REFE SN TRESBE
AHIBEES by MBS TREMBRAEE(f =12, k35 =5) o dy BRUABERERTHGT, T by, MK
NIT ARG f B RERRIE B0
1.4.5 HBESGHRERIENK

HICRBGER S T 2T AL T RENE W, TR ESEPREITRITERM, KRG, 205 “
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HB, = Jﬁhfﬁfj (13)

A, HA, F1 HB, sy HIEPIRBIL IS | R R SRR, HARTE S XFA L.
2 ROWR
2.1 BIEXHER

EERREE#, £ LI EH 16410. 54km”, 2005 4F 31X 4 7= EfE X 6886. 3 270, E K EHEAD
1538.0 J5 A, HmE A 0 1286. 1 J5 A /AF A H 251.9 7 A, AL BT 4L 3R 72 B A FRRKE, bR
Bl SR T A e R BT 2 B “ SRR R AL R AR TBOE P AR, hTImERXEARK. AL
RZ EHE SRR, H IR SR AR R BRI G , BA 2RI AR &L, 5 a0 ZEa B0 2 R
AW 3 BACE B, A F3E N BAEE R BB GERRR A A, KR H SR TR R RAE
EREE TR, RN hTAOEE Tl &%, BT Tk, L lE&H B ARBROFRESEBREED, B
2, AR TR R T A AR ™ A ST R [ A ) SRS , e AU A SRR HEA T2, R SR AL R R i A 7
AGERFE, X TREBEZBRTHRAEERNSZE T L
2.2 EHRNETE

WA bR T R AR S R G BT LR i , DAL RO D R A BEA TSR R IS B AR T AL S R G
NI, BARRER(S) ~ () HBEE _RI\IRHINE, URET REMPE(ES3) .

R3 ETFRGEN_ZIEHRHNE
Table 3 Weights of sub-systems and all indicators

f wn wp wp wy wp we wy wg wp wap wny Wy

cc 0.1668 0.1649 0.1658 0.1661  0.1654  0.1711 — - — — —  0.2018
SC 0.1532  0.1663  0.2013  0.1408 0.1681  0.1703 — - — - - 0.1979
AC  0.1081 0.1177 0.1089 0.1137 0.1170 0.1149 0.1053 0.1065 0.1079 - —  0.2034
EC 0.0918 0.0927 0.1102 0.0874 0.0977 0.0832 0.0848 0.0842 0.0952 0.0845 0.0882 0.2051
DC  0.1787 0.1212  0.0806 0.0836 0.1251 0.0948  0.1860  0.1300 — - —  0.1918

2.3 BETZESOT

IR AE S RGBT IS T AR R PP AL, B TR PR R RR S R Tt 4 R
(B3 MR4), B 3 40 MERH B EERFE Rit, $B B IRMIRR7ER b Bom l 6k 0 B2 R, d e
DR BBV B RIS T AW, & 4 WFIH TEHME <0.5 B9 10 3845, JR st Rl DX i g IR &I B 1
S iR

MK 3 524 WTLIEH 5 3.6.8.9.,12,15.,22,31,39 40 18R BA BAR AR, ARUE“ AR ” B8, X 248 4n
JEBE AR L9907 & SR BB T, X TR0 AR S R G R B A K T RA M BUE R, SRR ) SR
B, MEETRMME, N8 /4 WERRBE <0.5, Fbx EERRES & RSN EN, X it
WA LR RBIR AR RE L BRHAR R

(a) REFBFREATAR 5 3 HBIRRX PM,, P39 B B BB 7 PR AT LIR H, AL RS B ATIRA
SR BE K P B0R  SXR T BRI AR S R R B . ERM 1999 ~2005 4G HE-WATIE H, b
R RIAHBERERBE, BRABHEE NG

(b) KBHRIEGRFK R GROKIFE S 6 1845TH BUK BB AR B 5 R 7 PROy 7T LU i, bR ik
FRE G TR AS ARG ERE SRR BT . hTRRERR , RPFSELIARUK AR A4 oK B iRk
FIRKHE , 32 b BT RBL T KRB AR R B R, B EHRBERT 0.5 HILBASI7ER 4+, IR
b AFRK BRI REEEAR, AR T 0.5, XIS B, T B K BT IRE SRR SR Bk R E
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2 1999 22000 2001 o 2002 8 2003 o 2004 B 2005

)8 J¥ Subject values

, )
12345 6 78 910111213141516171819 2021 22232425 2627 28 2930 31 323334353637383940
F547 Indicator

B3 JtRmiE SRS RRE KN RE TR

Fig. 3 Single indicator assessment of urban ecosystem health for Beijing City

F4 BEENTO.5 BEFAEETFISH
Table 4 Single indicator diagnosis with the characteristic value less than 0.5

- R= 424} Year

No. 1999 2000 2001 2002 2003 2004 2005 SEHME Average
3 0.2000 0.3800 0.3500 0.3400 0.5900 0.5100 0.5800 0.4214
6 0.4584 0.4160 0.3980 0.3640 0.4220 0.4520 0.4530 0.4233
8 0.2469 0.2222 0.2037 0. 1605 0.1667 0.1481 0.1420 0.1843
9 0.0153 0.0181 0.0212 0.0248 0.0287 0.0355 0.0403 0.0263
12 0. 0000 0.0000 0.0000 0.1800 0.3600 0.5000 0.6000 0.2343
15 0. 0995 0.1041 0.1113 0.1235 0.1329 0.1454 0.1355 0.1217
22 0. 6258 0.4226 0.2992 0.1365 0.0694 0.0307 0.0097 0.2277
31 0.2675 0.3015 0.3375 0.3855 0.4361 0.5137 0.5681 0.4014
39 0. 0000 0.0000 0.0000 0.0000 0.7560 1.0000 1.0000 0.3937
40 0. 0000 0.0000 0.0000 0.0000 0.0620 0.3240 0.5600 0.1351

(o) FIRAEEE  MIEPR 8 AXIBREARAIEAR 22 SRIX N DR, 184 12 #ufi GDP RERERIRIEE W LIA
H, AR AP BAR, T B2 T RS, AL R B S H ZRBMNOR A . MEXADEES R,
FEEW R L HBRET, SEH O B S RS EAFERE R R, AL GDP REFERYR B E thiR
15, LAHE I T B BEIRIE FEAAR A Tk HERY 25 18] , Xt R RTT AE S R AL MR PR R R Y N TE T R

(d) ARZEFEMBIELBEAL 1815 15 B ARA AKX EHAREEFHMEA 0. 1217, FH LR
F A LA R A5 BE S [ B Se B KPR R B , BRI A D ERE AN BT , KB A IE MR
%, RSB I B B AR

(e)BH RBIVEERW S 8459 ity GDP EAIFEAR 31 Aty GDP KRB B EAR, RHEMH,
FREE/NT 0. L, SHHALE WA L =EE B REA T LIRS, B IR ER R G HMER> SRR .
SHBARFTERHEF KA.

(NEBASTERFE, BREERES  AI8HR 39 T EKHRE W ITFEEABETLUEY, bR
WS EHRE TERKZES, RBREM 0 8K E 1, 24T AR, MHEs40: Tl EE™E8H
REEBROAFFREEY BN EERCA R P8, B 2005 SEREL 0.5, B Tl B B vtk A 7T IR
PR, U3 BORBE 2 6 o
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2.4 BTESREEREITA

BRT2ER N T FRT R BRTR S E T, B SEBR b, AR FUSER A RS, ARAE R R R
HEAER™ . BHit, FUEHRTAES RGN BECRGUEEHR— B, BIBRTAESREERE AT
WA, oA AR (12) F1(13) HEAR BT AR S R BRI E (L 5) o hsk S 7, K 1999 ~2005
4F, L3 CSAED iy 5 N F RE KA E EFHBH K, R I 0. 8115 L7+ 0. 8470, XHKF /1M 0.
7108 F 73} 0.7636,%% 3] F )\ 0.8701 FF3]0.9010, ZELE S3 M 0. 9082 RS 5L T &R 0. 8954, & J& 1 A 0. 7990
EF+310.9121, CSAED H, BRAREIRSZHr 1 (SC) AHXFELAR, B LI AR B B9 NS S IR AN BEIRAE AT K 5k,
fE—ERE b ESNKIRALE AN FE , S5 L3R CSAED A 5 TZhRean RE UM , Bl Tt
FE BN SRR

RARIRTR & B B BE ) IR ERTE 10% ~30% 22 6] S 3% 17 95 19 Bt v B, 3 T AL 3 7E 30% ~
50% SRR EY B AR B BE, ST AL HRAE 50% ~T0% ST KA AR B B, i (b &R 15 3] 70% LA b, IZEA SR
TR R B B JLHTTT 1999 ~2005 4EHIRTHIHLER % 77.29% ~83. 62% , ¥R PUB Bl , AL R B R iR 7E
X 7 RDRAL T RAEH BRI FE A B B . RIBABIR IR, IBURFIE (HA) Fin sl ERRE
(HB) HER/B IR IR E S REBRIE L Z A K, H HA BT 0. 8209 ~0. 8639 Z[A], HB & T
0. 8181 ~0.8621 Z[A], J&HT SRR PR, T ELIE 4R AR REE B RHEE, XA R 5 BRITRE
ME B R, B, DRI REARREE R AL BER T B 3hiH K i, TR T — R HE
D, R HEE SRR T AR,

£5 ILEETETESRGRRTMN
Table 5 Temporal series analysis of urban ecosystem health assessment for Beijing City

4E Year 1999 2000 2001 2002 2003 2004 2005
CC 0.8115 0. 8290 0. 8280 0.8203 0.8530 0. 8445 0.8470
SC 0.7108 0.7079 0.7096 0.7270 0.7389 0.7536 0.7636
AC 0.8701 0.8790 0. 8824 0.8889 0.8920 0.9011 0.9010
EC 0.9082 0.9061 0.9061 0.9000 0.8999 0.9011 0.8954
DC 0.7990 0. 8007 0. 8001 0.7986 0.8634 0.8999 0.9121

HA! 0.8209 0. 8256 0. 8263 0.8280 0. 8450 0. 8603 0.8639
HB? 0.8181 0.8226 0.8233 0.8255 0.8479 0.8583 0.8621

1. AR FEs B B 45 & 2R T8 $ comprehensive urban ecosystem indices through weighted consecutiveaddition method; 2. A %5k L8 BIHY L5

& {25 B comprehensive urban ecosystem indices through weighted consecutive multiplicativemethod

3 4ig

ASCETRT LS RERAB S H BT 0 ESE N MUR BRI 8T, I T IR S RE BRI
WEtEMA R, S5 ENSNEEERTT R B B AR, 6 TIRW AR REBRN BiMERR, 9T ERRmTAE
DRGSR ROBE )y v BAA SR A B VT Lo TR, B T — R B TE R R
975 220k AR IRBE B AR FIE IAUETIE BT AR S R R ERG S TP, BEELAE R LAXY
BT HEAT B W, T ELRT AR T A= 25 R4 CSAED BB 45 T4, 3 AT B4 ARk, A3
XHALRTHERT T ROIBTF , RIS WA, SR A S RGBT VR, 20 sl i i B B, LA AR S 3%
B R SRR, R SRR R -
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