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%4!,&%",:BymeansofISM (InterpretativeStructuralM odeling)and SD (System Dynamics)methods,thispaper

madeasystem dynamicsmodelofurbanizationandeco-environmentcouplinginJiangsuProvinceaccordingtotheim -
plicationandPSR (PressureStateResponse)frameworkofurbanizationandeco-environmentcoupling.M oreover,five
typicalscenariosduring 2000!2015 havebeen simulated and analyzed based on thetimeserialstatisticaldataduring
1990!2003 in Jiangsu,which indicates:firstly,therearesignificantdifferencesbetween theresultsand thescenarios,
andthefivecouplingmodelsallhavecomparativeadvantagesanddrawbacks;secondly,in termsofthecharacteristics

and regionaldevelopmentdisparitiesofJiangsu andthegeneralruleofworld urbanization process, thispaperreveals
thatonlywhen eitherpopulation urbanization modelorsocialurbanization modelto becorrespondinglyadopted, the

sustainabledevelopmentamongpopulation,economy,urbanizationandeco-environmentcanberealized.
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Urbanization and eco-environm entcoupling is unique
and com plex, and itsmechanismsand rules havepro-
voked much scholarship (BRENNA,1999).M orethan
100yearsago, HOW ARD (1898) publishedC*58-+
12/2-6 &( 9&.&55&N to revealthe interrelationships be-
tweencitygrowthanditseco-environm ent, andhetried
todealwiththeissuewithrationalplanningway, buthe
failed(BOURNE andSIM M ONS,1978).However,only
sincethe1920shadthetopicspeciallybeenintensified.
AftertheChicagoschoolhadevidentlysucceededinur-
banhealth, landuseandsocialsegregationbysociale-
cology approaches(GRIM M -/ *’.,2000),some prob-
lem sconcerningurbanizationandhum ansettlem enten-
vironmenthad once been listed in the subprojects of
M AB (M anandBiosphere)(W CED,1987),sothework
broughtworldscholarstoattend(M ACLAREN,1996).
Therelativeissueshaddeeplybeenprobedandinvolved
in som equantitativecalculationsand evaluations. For

example, withIPAT (Im pact=Population$Affluence$
Technology) form ulaandeconom etricm ethod, som e
environm entaleconom ists(COM M ONER -/ *’.,1971;
GROSSM AN andKRUEGER,1993)checkedupthere-
lationshipbetweenurbaneconomicgrowthandenviron-
m entaldegradationandputforwardahypothesisthatur-
ban environm ent press took on a inversed U-shape
witheconom icgrowth (GROSSM AN andKRUEGER,
1995). By energy model, system dynam ics(SD) and
sensitivitym odel,someecologists(ODUM andELISA-
BETH,2000;FORRESTER,1971;VESTER andVON
HESLER,1980)analyzed thesubjectsandrevealedthe
innermechanism sofurbanizationandeco-environment
coupling.M oreover,in term sofsystemicoptimization
and geometric models, BRAAT and VAN LIEROP
(1986),SUKOPP andW EILER (1988)analyzedtheis-
sues,andtheysucceeded,too.InChina,sim ilarstudies
and reportscan be found aswell. W ith econometric
m odel,som escholars(LING -/ *’.,2001;W U -/ *’.,
2002;LIU and LI,2003) individually revealed som e
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characteristicsofeconomic developmentand environ-
m entchange in Nanjing, Beijing and W uhan. By
m eansofSD,some scholars(W ANG,1988;YANG,
1992; SONG and W ANG, 1991; YANG, 2003) re-
spectively sim ulated the scenarios of city evolution,
such asTianjin,Beijing and Changxingdao.In term s
of numeric m odel and grey correlation m ethod,
HUANG ,2 %3.(2004)and LIU ,2 %3.(2005)individu-
ally calculated the coupling degrees of the Three
Gorgesarea and the whole China.However,in gener-
al,urbanization levelindicatesurban population grow-
th and its econom ic developmentin a country or re-
gion, and ithaslessbeen used to calculate the single
city (ZHOU, 1999). As the above literatures shown,
m ostresearch contentswere aboutsingle city orsom e
sidesofcities, and there was nota specialand sys-
temic involvem entin the coupling system between ur-
banization and eco-environm ent in provinces or re-
gions, thusthepapertakesJiangsu Provinceasacase
to analyze the coupling m echanism between urbaniza-
tion and eco-environmentby SD, and to dynamically
simulatethescenarios, which aimsatproviding som e
suggestions for Jiangsu’s urbanization strategy and e-
co-environm entconstruction.
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Urbanization isam ajortrend in recentyearsallaround
the world (W EBER and PUISSANT,2003).The con-
ceptofurbanization can vary from author to author;
here, itisdefined asa territorialand socio-econom ic
process thatinduces a generaltransform ation ofland
use/covercategories. Referring to Chinacensus, ur-
banization processdealswith concentrationsofpopula-
tion and hum an activities.Itcreatesaggregationsofur-
ban areasthatshelterhundredsofand thousandsofin-
habitants.From aneconom icpointofview,thesestruc-
turesarem oreandm orelinkedwithinternationalactiv-
ities,becoming an interfacebetween localand national
scales, and theinternationalone. Sourbanization has
m any contents that mainly include urban population
growth,econom ic developm ent,spatialexpansion and
welfareimprovement(LIU ,2 %3.,2005).Eco-environ-
m entisoneofecologicaland environmentaltermsthat
are frequently used in thefields, butitsconceptalso
varies from scholarto scholar. In term s ofdifferent
studied body, theconnotation ofeco-environmentex-
tremelyvaries:iflifebeingsisreferredasm ainbody,e-
co-environm entisahabitatthataffectsthegrowth, de-

velopm ent, reproduction, behaviorand distribution of
living beings. As fam ous ecologist W HITTAKER
(1973)defined,from theperspectiveofspecies,aunit
wheretheyevolveisjustanecotope.Onthecontrary,if
hum ankind isreferred asmain body, eco-environm ent
isan integrative surroundingswhere hum ankind exists
and develops, including som e environmentalfactors,
such aswater,land,gas,resources,energysources,etc.
Because mostenvironm entalproblem sare induced by
hum ankind actions,thelatterconceptisprevalentlyap-
plied.
W ith humankind beingafocusoftheworld, urban-

izationisaprocessofutilizingandtransform ingnatural
resourcesand environm ent. Therefore, ifthescaleof
hum an action istoo big orliving expectation ishigher,
it sometim es leads to the disharmony between hu-
m ankind and geographicalenvironmentunderthelim i-
tationoftechnologiclevel,whichiscalledeco-environ-
m entalproblem s. The coupling relationship between
urbanization and eco-environm entisnonlinearinterac-
tion in fouraspectsfrom urbanization and five factors
from eco-environm ent, and thecouplingaction can be
concluded:ontheonehand,eco-environmentisintim i-
dated byurban population growth, economicdevelop-
m ent, energy consum ption and traffic outspread, by
whichoriginaleco-environmentistransformedtoartifi-
cialenvironmentand environmentaldegradation isin-
duced; on the otherhand, urbanization isrestrained
through urban population repulsion,capitalreprobation
and polices regulation, which lead to environm ental
m aintenanceandim provem ent.Fig.1 showsPSR mod-
el in which urbanization interacts with eco-environ-
m ent, inthemodel, somefactorsreciprocateandfeed
back between urbanization and eco-environment, and
the bestcondition is an efficientcom plex ecological
system wheretheycancoordinateandinterject.
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3.1.1.1 ISM build-up
SD theory considers thatsystemic actions resultfrom
thesystem icstructure, and effectsthatcom efrom ex-
teriorenvironmentm ustbepassed on by interiorstruc-
ture (FORRESTER, 1971)£‹so to m akesystemicbor-
derline sure and to analyze the system ic structure rea-
sonably arekeysto build up SD m odel. According to
PSR fram ework (Fig.1),with interpretative structural
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ScenariosSimulationofCouplingSystem BetweenUrbanizationandEco-environmentinJiangsuProvince

m odeling(ISM ),thestructureofthecouplingsystem in
JiangsuProvincehasbeensim plified. ISM isan avail-
able approach to dealwith social-economic com plex
system (PARASURAM AN !" #$.,1985),by which the
couplingsystem canbedecom poundedbeforeSD m od-
elisdesigned. W iththeattainablem atrixescalculated,
the 58 factorshave been selected and the ISM ofthe
coupling system hasbeen builtup, in which the ISM
canbedividedintofourlevelsandeightsubsystem s.As
theISM modelshowed, thecouplingsystem canbere-
duced to a sim ple structure where the relationship is
clear,anditcanbeappliedtodesigntheSD m odel.
3.1.1.2 Systemicstructureanalysis
According to the ISM m odeland presentsituation of
Jiangsu Province,thecouplingsystem can beclassified
asfoursubsystems,i.e.population,econom y,eco-envi-
ronmentand urbanization subsystem s. In termsofthe
levelsstructurethattheISM m odelprovides, thesub-
systemscan be furtherdivided into 14 m odelblocks,

which aretotalpopulation, primary industrialoutput,
secondary industrialoutput, tertiary industrialoutput,
wastewaterpollution,wastegaspollution,solid waste
pollution,cultivated land,population urbanization,ur-
ban house,urban built-up area,scientific-technological
level, educationalleveland medical& healthy level,
andthecausalloopscanbeconcludedasfollows:
(1) Population subsystem .Totalpopulation (TP) is

assigned tolevelvariable,and itsaccumulativenum ber
dependson birth rate(BR)and death rate(DR).Total
population isrelatively affected by population policies
andotherfactorsincludingpollution, foodandconges-
tion,theinfluencesfrom family planning policies,etc.
arewidelytakenintoaccount,andbyfeedbackthetotal
populationcanbelinkedwitheconom icsubsystem ,sci-
entific-technological subsystem and urbanization as
well.Asan importantstatevariable,population deeply
affectstheprovincialsocialeconom ydevelopm ent, ur-
banization processand eco-environment, etc. M ean-
while,itisrestrainedbyeco-environmentcapacity,eco-
nom icdevelopm entleveland urbanization level.In the
m odel,theresourcescharacterand population structure
areconsidered.Thatistosay,throughlinkingsocialla-
borforceto "threeindustries", theresourcescharacter
ofpopulation can affectindustrialoutputs;and through
determ ining the difference between agricultural and
non-agriculturalpopulation, urbansubsystem hasbeen
em phasized.
(2)Econom icsubsystem .Itisexplained bythreein-

dustriesoutputs,m anufactureindustry,GDP and social
productiveinvestment.Inthesubsystem ,prim aryindus-
trialoutput(PIO), secondary industrialoutput(SIO),
tertiary industrialoutput (TIO) aredesigned aslevel
variables, and the socialcapitalinvestmentand labor
force are appointed as auxiliary variables to connect
othersubsystem s.By Cobb-Douglass(CD)production
function, thetransformationm echanism betweeninput
andoutputisexpressed,wherecapitalisdefinedasinte-
riorfactorand laborforce as exteriorfactor. Atthe
sametim e,thepositiveand negativeinfluenceiscalcu-
latedanditinturnactsonCD functionoutputs.Am ong
threeindustries,secondaryindustryasacriticalm aterial
productiondepartment,andthroughlinkingwithm anu-
factoryindustryvalue (M IV), can affecttheenviron-
m entalsubsystem . Thetotaleconomicblock isrepre-
sented byGDP and socialproductiveinvestm ent(SPI),
and they areconsidered asauxiliary variablesand con-
trollablevariablesto revealthedynam icconnection re-
lationship amonginvestments, industrialstructureand
environmentalm anagem ent.W henGDP isconnectedto
totalpopulation,thepercapitaGDP (PGDP)canfurther

Fig.1PSR frameworkofurbanizationand

eco-environmentcoupling
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actonurbanizationsubsystem .
(3) Eco-environmentsubsystem . Inthesubsystem ,

cultivatedland(CL),wastewateraccumulation(W W A),
wastegasaccumulation (W GA),solid wasteaccumula-
tion (SW A) areselectedaslevelvariables. Through
linkingbuilt-upareas(BUA),thedecreasingofcultivat-
ed land (CLD)can influencecultivated land accumula-
tion and furtheraffectsfood yield (FY) and thetotal
population. Theaccum ulationsofwastewater, waste
gasandsolidwastedependuponthedischargesanddis-
posesofthewastesfrom industriesand inhabitantsand
environm entalprotection investm ent (EPI), and they
furtherinfluenceothersubsystem s.
(4)Urbanization subsystem .Urbanization isa trans-

form ationprocessofurbaneconomy,population,space
andsociety.Here,population urbanization isexpressed

bypopulationurbanizationrate(PUR),anditisaffected
by increasing ofpopulation urbanization rate (PURI).
Asakeyindicator, ontheotherhand, PUR isalsoaf-
fected bypollution,house,scientific-technologicallev-
el,educationallevel,m edical& healthylevelandurban
greenbelt. Asanim portantindicator, BUA isconsid-
eredasstatevariableanditisconvertedbyCD function
with urban population (UP)and nonagriculturaloutput
(NOV), anditcaninturnpromotetotalpopulationand
econom icdevelopm ent. Socialurbanizationisshowed
byscientific-technologicallevel(STL),educationallev-
el(EL),medical& healthy level(M HL),and they di-
rectlybehaveoneconomicsubsystem andeco-environ-
m entsubsystem byfeedbacks,sotheblockismorecon-
sidered.
Theflow chartoftheSD isshowninFig.2.

Fig.2Flow chartofSD

Note:TP:totalpopulation,BR:birthrate,DR:deathrate,FFP:factorsoffamilyplanningpolicies,PR:pollutionrate,FCR:factorofconges-

tionrate,TL:totallandarea,PFY:percapitafoodyield,FM HL:factorofmedical& healthylevel,PUR:populationurbanizationrate,PURI:

increasingofpopulationurbanizationrate,UP:urbanpopulation,BUA:built-upareas,BUAI:increasingofbuilt-upareas,PBUA:percapita

built-upareas,UDH:houseofurbandenizen,UDHI:increasingofhouseofurbandenizen,PUDH:percapitahouseofurbandenizen,M HL:

medical& healthylevel,M HLI:increasingofmedical& healthylevel,STL:scientific-technologicallevel,STLI:increasingofscientific-tech-

nologicallevel,PSIP:percapitanumberofscientific-technologicalpersonnel,STIR:scientific-technologicalinvestmentrate,STFR:scientif-

ic-technologicalforeignrate,EL:educationallevel,ELI:increasingofeducationallevel,PS:percapitanumberofstudents,EIR:educationalin-

vestm entrate,GDP:grossdomesticproduct,PGDP:percapitaGDP,SPI:socialproductiveinvestment,PIO:primaryindustrialoutput,PIOI:

increasingofprim aryindustrialoutput,PIOD:decreasingofprimaryindustrialoutput,PII:primaryindustrialinvestment,PILF:factorofpri-

maryindustriallabor,SIO:secondaryindustrialoutput,SIOI:increasingofsecondaryindustrialoutput,SIOD:decreasingofsecondaryindus-

trialoutput,SII:secondaryindustrialinvestment,SILF:factorofsecondaryindustriallabor,TIO:tertiaryindustrialoutput,TIOI:increasingof

tertiaryindustrialoutput,TIOD:decreasingoftertiaryindustrialoutput,TII:tertiaryindustrialinvestment,TILF:factoroftertiaryindustrialla-

bor,TOV:totaloutputvalue,NOV:nonagriculturaloutput,CL:cultivatedland,CLI:increasingofcultivatedland,CLD:decreasingofcultivat-

edland,FY:foodyield,FU:foodyieldofperunitcultivatedland,EPI:environmentalprotectinginvestm ent,M IV:manufactoryindustrialval-

ue,W W A:wastewateraccumulation,W W AI:increasing ofwastewateraccumulation,W W AD:decreasing ofwastewateraccumulation,

W W IR:wastewaterinvestmentrate,M W W D:dischargeofmanufacturingwastewater,LW W D:dischargeoflivingwastewater,M W W DS:

disposeofmanufacturingwastewater,LW W DS:disposeoflivingwastewater,W GS:wastegasaccumulation,W GAI:increasingofwastegas

accumulation,W GAD:decreasingofwastegas,W GIR:wastegasinvestmentrate,M W GD:dischargeofmanufacturingwastegas,LW GD:dis-

chargeoflivingwastegas,M W GDS:disposeofmanufacturingwastegas,LW GDS:disposeoflivingwastegas,SW A:solidwasteaccumula-

tion,SW AI:increasingofsolidwaste,SW AD:decreasingofsolidwaste,SW IR:solidwasteinvestmentrate,M SW D:dischargeofmanufactur-

ingsolidwaste,LSW D:dischargeoflivingsolidwaste,M SW DS:disposeofmanufacturingsolidwaste,LSW DS:disposeoflivingsolidwaste
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Table1ScenariossimulationofthefivecouplingmodelsinJiangsuProvince

TP (!106person)
GDP (!109yuan)
PGDP (yuan)
PUR (% )
PHD (m 2)
GPD (m 2)
GRBA (% )
BUA (km 2)
W BALA (% )
STL
M HL
W W A (!109t)
W GS (!1015m 3)
SW A (!106t)
CL (!103ha)

73.27
478.3
6561
41.52
12.15
8.1
33.24
1383
1.35
2.70
1.2
3.24
11.5
48.3
5008

74.51
907.3
12177
51.21
12.98
10.15
37.70
2740
2.67
2.76
1.26
5.40
17.6
68.6
4728

74.51
1033.1
13866
51.67
12.87
10.25
37.81
2784
2.71
2.76
1.26
5.47
17.9
69.5
4720

74.51
941.2
12632
53.18
12.57
9.80
37.71
2745
2.68
2.76
1.26
5.45
17.7
67.0
4728

74.49
907.2
12179
51.50
12.92
10.87
38.12
2917
2.84
2.76
1.26
5.40
17.6
68.6
4693

74.53
867.7
11642
51.08
13.01
10.1
37.66
2723
2.66
2.78
1.30
5.37
17.4
67.9
4731

75.35
1533.4
20349
61.81
14.22
13.20
40.01
4097
3.99
2.85
1.33
8.57
26.0
93.2
4464

75.33
1890.5
25095
62.48
14.12
13.40
40.11
4194
4.09
2.86
1.33
8.89
27.7
98.7
4445

75.37
1627.3
21591
63.90
13.97
12.10
39.78
3906
3.81
2.86
1.33
8.83
26.6
95.0
4500

75.26
1531.5
20349
62.05
14.20
14.34
40.36
4424
4.31
2.85
1.33
8.59
26.0
93.3
4402

75.47
1431.0
18962
61.63
14.23
13.03
39.95
4046
3.94
2.89
1.40
8.42
25.3
91.0
4471

75.99
2255.2
29679
66.70
16.97
14.08
40.60
4689
4.57
2.94
1.39
12.28
37.1
127.8
4351

75.92
2862.1
37698
67.08
16.97
14.38
40.69
4799
4.68
2.94
1.39
13.40
39.4
137.2
4330

76.08
2414.7
31740
68.34
16.86
12.67
40.29
4361
4.25
2.94
1.39
12.67
38.3
131.8
4413

75.79
2247.2
29649
66.85
17.00
15.35
40.90
5071
4.94
2.94
1.39
12.31
37.0
127.8
4278

76.25
2098.5
27520
66.63
16.91
13.83
40.54
4621
4.50
2.99
1.50
12.09
35.6
122.5
4360

Variable 2000 2005 2010 2015
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Note:TP!totalpopulation(TP),GDP!grossdomesticproduct,PGDP!percapitaGDP,PUR!populationurbanizationrate,PHD!per
capitahouseofdenizens,GPD!greenbeltofperdenizen,GRBA!greenrateofbuilt-uparea,BUA! built-uparea,W BALA!weightof
built-upareaaccountingforlandareas,STL!scientific-technologicallevel,M HL!m edical& healthylevel,W W A!wastewateraccumu-
lation,W GS!wastegasaccumulation,SW A!solidwasteaccumulation,CL!cultivatedland
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According to som e references(FANG and YU,1999;
TANG !" #$.,2000),somemethodsareem ployedtocal-
culatetheparameters:1)Arithm etic averages of his-
torical statistical data. They are average birth rate
(0.00908),averagedeath rate(0.00679),proportion of
publicgreenbelttobuilt-upareas(0.37500),coefficient
ofenvironmentprotectioninvestm ent(0.10000),coeffi-
cientofprim aryindustrialinvestm ent(0.03200),coeffi-
cientofsecondaryindustrialinvestm ent(0.47900),co-
efficient of tertiary industrialinvestment(0.48900),
etc.2)Trendextrapolation.Theyincludeimpactfactor
offam ilyplanning(0.85000),growthcoefficientofpri-
m aryindustrialoutput(0.03266),growth coefficientof
secondary industrial output(0.14786), growth coeffi-
cientoftertiaryindustrialoutput(0.13108),growth co-
efficientof population urbanization rate (0.04087),
growth coefficientofbuilt-up areas(0.15233),growth
coefficientofurbanhouse(0.06085),growthcoefficient
ofscientific-technologicallevel(0.02300),growth co-
efficientofeducationallevel(0.37406),growth coeffi-
cientofm edical& healthylevel(0.01000),etc.3)Cal-
culationbytablefunctions.Theyarefactorsofpollution
affectingbirthanddeath, factorsofm edical& healthy
levelaffectingbirthanddeath, factorsoffoodaffecting
birthanddeath,factorsofcongestionaffectingbirthand
death, factorofscientific-technologicallevelaffecting
population urbanization rate, factor of medical &
healthylevelaffectingpopulationurbanizationrate,fac-
torofeducationallevelaffecting population urbaniza-
tionrate,factorofpollutionaffectingprimaryindustrial
output,factorofpollutionaffectingsecondaryindustrial

output, factorofpollution affecting tertiary industrial
output,etc.4)Calculation by regressions.W ith SPSS
software,to determinesociallaborforces,laborforces
ofprim aryindustry,laborforcesofsecondaryindustry,
laborforcesoftertiary industry, coefficientofsocial
productiveinvestm ent,etc.
!"4"! 526)0 ,7),8 1-
Firstly,with Vensim PLE software,therealitycheck is
com pleted.Secondly,withhistoricaldataduring1990"
2003,historicalcheckisalsodone.From thesim ulated
results, therelativeerrorsrangefrom "5.2% to 9.8% ,
whichindicatestheSD modelisreliable, andtoacer-
tain extentitcan revealsom ecomplex behaviorsofthe
coupling system and evaluate the potentialeffectsthat
urbanizationintim idatedeco-environm ent,accordingly,
itcanbeappliedtosim ulateandforecastscenariossim -
ulation of the coupling system between urbanization
andeco-environmentinJiangsuProvince.

!"# $%&’()*+, $*-./(0*+’ (’1 2’(/3,*, +4 5+.6/-
*’7 $3,0&-
Therearestagesofworldurbanization. However, be-
causeofdifferentsituationofacountryanditsdevelop-
m entgoal,theprocessandresultofurbanizationareob-
viouslydifferent,which bringabout"overurbabization"
and "underurbanization", thusthe differenteco-envi-
ronm entalproblem sareinduced.Accordingtothegen-
eralrule,thefive modelsofnaturalurbanization,eco-
nom icurbanization,populationurbanization,spatialur-
banization and socialurbanization are introduced and
the five scenarios are sim ulated from 2000 to 2015
(Table1).
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Supposingthattheinitialparametersdonotchange,and
in thelightoftherepresentmodelin Jiangsu Province,
thefuturescenarioissimulated.AsTable1showed,the
subsystem sallvary,and theresultcan becharacterized
asfollows: 1) Economic growth isrelatively quick.
GDP and per capita GDP will individually reach
2252.2!109 and 29 679 yuan (RM B) (in 1990 fixed
price) in2015, andgrowthrateinthefuture15 years
willrespectivelyarriveat10.9% and10.6% thatcanap-
proach to the low schem e ofJiangsu long-term plan-
ning, butthere is a significantdistance to the high
schem e(ZHANG ,2 %3.,1997).2)Thegrowthofurban-
izationlevelisalsoquicker.In2010and2015,thepop-
ulation urbanization respectively attains 61.80% and
66.75% ,whichwillattainthegoalofJiangsulong-term
planningaheadofschedule.M eanwhile,accom panying
withurbanpopulationrapidincrem ent, thebuilt-upar-
easalso takeon rapid expansion in which annualaver-
age rate reach 8.48% , and in 2015 W BALA willbe
4.57% .3)Thescientific-technologicallevel,medical&
healthylevelrespectivelyincreaseby1.67% and1.27%
withpopulationurbanizationandsocialurbanization.4)
Theeco-environmentalpressureswillappearseriously,
and in 2015 thewastewateraccum ulation, waste gas
accum ulation and solid waste accum ulation willindi-
viduallyreach12.28!109t, 37.1!1015m 3 and128!106t,
withtheirannualaverageincreaseratesof9.3% , 8.1%
and6.7% .5)Incultivated landblock,theareasiscon-
tinuouslydecreasinganditsannualdecreaserateattains
0.93% ,and there willbeonly4350.65!103haofculti-
vatedlandin2015.
!"3"3 45/,/0-5 ()+&,-.&’-/, 0/12* (¢ò )
Ifeconomicgrowthisrapiderthanthenaturalurbaniza-
tion model, itcan be assigned aseconom icurbaniza-
tion. Theannualeconomicgrowth rateofJiangsu was
13.3% during1990"2003. Supposingthetrendcan be
extrapolated, the annualeconomic growth rate will
m aintain12% ,whichcorrespondswiththehighschem e
ofJiangsu long-term planning. In orderto attain the
goal,som e parametersare adjusted:1) Productive in-
vestmentism uch emphasized and coefficientofsocial
production investmentisheightened from 0.35 to 0.40.
2)Becausethem anufactoryindustrymaystillbeamain
driving departm ent in the future, coefficientofsec-
ondary industrialinvestm entisadjusted from 0.479 to
0.600. Thescenario issim ulated and theresultsshow
thattheeconom icgrowthisthemostrapid,andin2015
GDP and per capita GDP will respectively reach
2862.1!109and37698yuan.Atthesam etime,popula-
tionurbanizationlevel,denizenhouseand greenbeltal-

soadvance,butthepollutiondischargesarethem ostse-
rious,in 2015 thewastewateraccum ulation,wastegas
accumulationandsolidwasteaccum ulationwillrespec-
tively exceed 1.12!109t,0.23!1012m 3,9.43!106t and
1.30!109t, 0.38!1012m 3, 14.7!106tthan model¢æand
m odel¢ı.Ontheotherhand,theoccupancyofcultivat-
edlandisveryseriousandisthesecondamongthefive
urbanizationmodels.Itisobviousthatthepressureofe-
co-environmentisveryseriousthougheconomicurban-
ization can m ore rapidly accelerate econom ic growth
andpopulationurbanization, sothism odelcanonlybe
appliedinprimarystageofurbanization.
!"3"! 6/7(*&’-/, ()+&,-.&’-/, 0/12* (!)
Ifurbanpopulationgrowthisem phasized, thescenario
isalsodebugged.Becausetheannualgrowth rateofur-
banization in Jiangsu Province was1.94 percentpoint
during 199042003 and was0.85 percentpointhigher
thanthewholecountryaveragelevelinthesameperiod,
thegrowthspeedwasextremelyrapidanditisimpossi-
bletobefurtheraccelerated.Therefore,wesupposethat
urbanization growth rate can be kept at 1.8 percent
pointandtakestepstoattainthegoal.Thesim ulatedre-
sultsreveal:1)Them odelcan rapidly prom oteboth e-
conom icgrowthandpopulationurbanization, inwhich
the growth rate ofGDP and percapita GDP is11.4%
and 11.1% during2000"2015 and both are0.5 percent
pointhigherthanm odel".2)Theincreasingofpopula-
tion urbanization isthe mostquick and itcan achieve
theurbanizationschem eofJiangsu’slong-term planning
thanothermodelsaheadofschedule. 3) Becauseeffi-
ciencyoflanduseisim proved, thedecreasingofculti-
vatedlandbecom esslow.4)Urbanpopulationgradual-
lybecom es excessive so thatthe living pollution dis-
charges becom es excessive,and in 2015 thesim ulated
wastewateraccum ulation,wastegasaccumulation and
solid waste accum ulation respectively reach 12.67!
109t,38.3!1015m 3 and131.8!106t,whichrangethesec-
ond in the five model.M eanwhile,tothedegree,den-
izen house, greenbeltand infrastructure become rela-
tivelylackwiththeurbanscalecom pared.Itcanbeseen
thatthem odelcanbeappliedforthemiddlestageofur-
banization,i.e.rapidincreasingphase.
!83"9 :7&’-&* ()+&,-.&’-/, 0/12* (";
Themodelattemptsto push up urbanization byspread-
ingurbanspatialscale.Fortheannualincreasingrateof
built-up areas in Jiangsu Province was 8.6% during
1990"2003 and was0.23 percentpointhigherthan the
wholecountryaveragelevelinthesam eperiod, thein-
creasespeed isextremely rapid and itm ustnotbe fur-
theraccelerated,otherwise,the contradiction between
hum ankind and naturalenvironmentwillbem oreseri-
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ous. However, withnonagriculturaldevelopm entand
urbanpopulationincrem ent, thedemandofurbanresi-
dentsforliving spaceisvery great, so theaveragein-
creasing rate ofbuilt-up area can be supposed as 9%
with thefactorsconsidered and otherparam eterdo not
be modified. The sim ulated scenario can be sum med
up: 1) Thecontradictionbetweenhumankindandna-
ture environm entisprovoked while the built-up areas
rapidlyexpand, thusthetotalpopulationandeconom ic
growthareextremelyaffected. In thisscenario, there
willbeonly75.7939!106 persons in 2015,and193.9!
103 and 461!103 personslessthan model!and m odel
".2)Theeconomicgrowth isslowerand in 2015 its
GDP andpercapitaGDP willbeonly2247.21!109 and
29649yuan.Itsgrowthratesareonlyhigherthanm od-
el#.3)Becausethebuilt-up areasrapidly spread,the
denizenhouse, greenbeltandinfrastructurearesuperi-
or, which isthebestfavoritein thefivem odels. The
wastewateraccumulation,wastegasaccum ulation and
solidwasteaccum ulationareheavilydischarged,which
issimilarto model$.Obviously,from theperspective
ofsustainabledevelopm ent,themodelcannotbeadvo-
cated.
!"#"$ %&’()* +,-).(/)0(&. 1&23* (!4
The aim ofthe m odelisto prom ote softenvironm ent,
such asurban culture,scienceand technology,medical
treatm entandhealth,etc.Assom escholarspointedout
(ZHOU,1999),urbanizationprocessindevelopedareas
can be divided into two stages, the formerperiod of
which isa course ofpopulation convergentalong with
industrialization and the latterperiod isa socialization
course with efficientproduction and living, scientific
m anagem entandhightechnology,andgoodwelfare.In
2003 percapitaGDP ofJiangsu Provincereached 9642
yuan and population urbanization rate was 44.8% ,
which indicates the whole province has stepped into
rapidlyincreasing stageofurbanization, thuspeople’s
demandsforculture,scientific-technology,education,
m edicaltreatm entandhealthm ustincrease. Itisavail-
ableto supposethatsocialization levelbekeptup with
econom icgrowth and urban population increment. To
attainthegoal,firstofall,theproportionofculture,sci-
entific-technology, education and health to finance is
adjustedfrom 0.02 to 0.05;secondly,thecoefficientof
tertiary industrialinvestm entisarranged from 0.489 to
0.500 so thattertiary industry can coordinate to the
wholesociety,andotherinitialparam etersisn’tbem od-
ified. Thesim ulatedresultsshow that: botheconom ic
growth, population urbanization and environm ental
pressurearerelativelylow, which isthelowestonein
thefivemodels,butthescientific-technologicallevel,e-

ducationalleveland m edical& healthy levelare the
m ostrapid im provementthan othermodel. Itcan be
seen thatthe socialurbanization m odelcan be applied
forthelaststageofurbanization,i.e.high urbanization
levelperiod.

! "#$"%&’(#$’

Thecouplingsystem betweenregionalurbanizationand
eco-environm entisa kind ofsystem with lotsoffeed-
backloopsandmanyinterfaces, andwhaturbanization
interactseco-environm entisa com plex integration be-
tweenfouraspectsofurbanizationandfivefactorsofe-
co-environment. Thefivescenarioshavebeensim ulat-
ed and analyzed, and the resultscan be concluded as
follows:
(1)ItisavailableforSD tobeappliedtostudyingthe

couplingsystem betweenurbanizationandeco-environ-
m ent. W ith the SD ofJiangsu Province designed and
historicaldatachecked,itisshowedthattherelativeer-
rorsrangefrom "5.2% to9.8% ,whichindicatestheSD
m odelisreliable, and to acertain extentitcan reveal
somecom plex behaviorsofthecoupling system and e-
valuatethepotentialeffectsthaturbanization intim idat-
edeco-environm ent.
(2)There are both m arked advantagesand evident

drawbacksam ongthefivemodels. Firstly, economic
growth isthem ostrapidam ongthefivemodelsbutthe
environmentalpollution pressure isalso the mostseri-
ousin econom icurbanization.Secondly,although pop-
ulation urbanization can rapidly attain the goalofur-
banization and effectively promote econom ic growth,
the environmentalpressure isbiggerand urban infras-
tructuresupplyisnotsuperior. Thirdly, spatialurban-
izationcanavailablysatisfydem andsofurbanspaceex-
pansion and urban infrastructureconstruction, butthe
m odelexcessivelyoccupiescultivatedlandsoastopro-
vokethecontradiction.Lastly,socialurbanization can
rapidlyim provethescientific-technologicallevel, edu-
cationalleveland medical& healthy leveland effec-
tivelyprotectsenvironm ent, buttheeconomicgrowth
rateistooslow.
(3)Thedifferentdevelopm entm odelsm ustbeselect-

edcorresponding with the urbanization stagesand spa-
tialurbanizationdisparitiessoastorealizeurbanization
sustainabledevelopm ent.From theperspectiveoftime,
urbanization isstepping into therapid increasingstage,
to in turn selectpopulation urbanization and socialur-
banizationcanensurerapideconom icgrowth,urbaniza-
tionandsocializationprocess. From theperspectiveof
space, thereisevidentregionaldisparitiesam ong the
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southern,themiddle,thenorthernpartsofJiangsuProv-
ince,and in 2003 theirpercapitaGDP andpopulation
urbanizationratewererespectively35278,12871,and
8480 yuan,and 64.60% ,44.74% ,and 37.98% £‹which
indicatestherearedifferenturbanizationstagesandeco-
nomicdevelopmentlevelsinJiangsuProvince. There-
fore, toselectsocialurbanizationmodelinthesouthern
part, to selectpopulation urbanization modelin the
northernpartandthetwomodelsinthemiddlepart,the
sustainabledevelopmentam ongpopulation, econom y,
urbanization and eco-environmentin Jiangsu Province
canberealized.
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