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dbstract
This article presenting a Sumaaiy and analisis of the theory and meEhOd of SJsbLu
Dynamics on the author,s experience in planning of the coordinated uc/elopmc“t of
science, Technologe,econcny and social advancement in sgch cities as ue1dlug, Harbin,
Anshan and Baotou, is a1mcd to find out the advanuage disadvantage of the S.D approach

to urban planning as well as to izprove upon it.

System Dynamics which ia Luhblubred in this article to draw on system t“eory,
information science and cybernctics, voychaLLJ the feedback control principle and
computer simulaticn, isa obkb“tlflb b“vurj and method that can find an effective
application to Improxlug ard  vilaaing a aulbi-factur, aon-linear, dynamic  and/or
ccaplex SJstem, and alzo a IUNL.aVV.J that caon verify the sccial cuquNlC policy or
strategy. In actual plannLuo or wviviuated  development of the Chinese cities and
regions, S.D is found sugpericr in QLA’CE ccints while left fxve(S) respects to be
desired,so the idea of establishine the S.D. ‘duﬁlﬂdued Lomprcnenaxve aodel system s
thus cdeveloped to enhance o strongthen the above plann ing process.
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I. General Principle Of Sya3tcm Dynaimics (o D) In PcéAuuaI Planning

S.D is mainly applied o mudc*lus and simulabing process, Turough analysis of which
the feasible program and advice for poliey are provxdvj. The following principles
~shouid be observed in practice.

1. Actual problems 3hcu‘J Lo stitessed.

The establlahment of ubuuvu and hou“J;rJ st take [.to account weent problax
LnVuLJed in the regicnal planning. To facilitate modellng these necessary’ lmporiant
p\)hlbb must be bt..r'-—?’d and aycplfu,d.

=

L2 Y o PR IS SRR Y o TR EL S P | (FAN TR

we wonwilideioil U1 qualluuux v Ahd.y51S Wlad nuuntxux Ve Suuiy

To o S N T . S BTN PR EFEN 143! e d

i Ao yuau.nc Lo SCL up L ol chl t:uJbL\./nouLy Ceowasal qu«]xxb;le ax.d JQAD anG

d Q 18-t 1 LA N R P o e, l‘ 1 -
QLAouxuch sty . WUAL1CGCLVE u“uLJqu Lg Wi OGS1S Gl quanlicive Suuu; wuu: \,uc:
| J e ~band 113 ~1 [ By S 4 Ry -

1atbt:t nanES e 1order Scand woi. 3t Ohuu, m.qb uunuxa qudl;vuuu\. uud:../..n.o mu\.u e
e -~ 1 AL oA T H L R IR S R |
cozfora to aCtua. ConGiclons. uicy are u;ax.uuLbuLLJ NESTRIET N

we must be fully aware that swantilacive study Is mcre awwurate and corroct  than
qualitative analysis in eipusiie 1cal problems.Decause wualiznalysis is characterised
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by intuition and completation and fussy knowledze when applying is a aulti-factor
dynamic and complex system. If so,subjectivism will prevail.Cn the contray S.D approach
which features problem-oriented gives various hypotheses and sizmulate the real process
through modeling by means of computer-aided facility. This method can make complex
ssstem clear and reflect real conditions, also can change policy or parareter through
decision-maker to computer communication, thus having the qualitative anaysis and
qualitative study well connected and combined to effectively solve the actual preblers,
free of those errors caused by subjectism, intuition or sensational change.

But we should not iy the func ' quali ve anaysis on modeling in regional
planning. On establishing S.D modle, we must fully attach izscrtance to the method of
holding the law of things by cspercence intuticn and object. But for, we should ot
correctly establish the better model of system analysis.on modzling,we should at first
have a rough dim and un-quanitative logical model in brain.Secondly we should make this
as referece-point and Jdymatic suide thinking so that we can the prcblers much clearer
and formal quantitative-studyiig wolcl.
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3. System structure deteramine systea Suiction

system constucture is in mutual celatious and mode in space Lige aiong every element
of system;it is a internal srcund that makes system be a entirety and lave some
function;it is a essential zask “hat malkes a system different form other system.
susction Is system's order ond obitity that system exchanges matter energy and
infromation form enviroment. It Is ebur jur manfestation of system constructure.So system
construction is the order of zutuc! effect of elements in a73tem, is interior description
of system.Function is the order of system srocess actead oo surrcundings,and 1s system
exteri or description. A structure hos a function. If a syotem will have a special
function,we mustdesisn and conshint o special constructure that can produce the fuction.
To some degree,regicial slanning (s o ind a cptizum conctructure, and to obtain the
best effect.That is to say,according o rezional conditicn, in order o achiave better
effect,better function,we shou!d aljust rew relations betwcen cvery alement sc that it
- could te the better In space and tize state and could find the bettar econizic
cuistructure. [t s regional planning Lhab draws up concrete prepramme for the optimun
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conscrcture that can give full c¢olay o the Sest function.

.

L} [ NN I DS T PR RV A PR N [ S Lo t), - P N -
e LhgoUiive iediley SYSLEl 15 waii UaSIS Unace  tests bruth and efchbecneso of

PRSI N I I NP R T N T T L 7S vty ey TS ORISR N FUOT ST mo.,

n esta lehlné WUUEL iC Sadlau asproalmate to real SSSCED CehLiaviol Qo best. WSl
PN L B N S 1 d?_. T L TR 2= RSy o IR I SR t ol
Sclueuig UP PAramietel COh3ddiiv wins dumcldicil, v Suwuld telicll AGd Cppidaimdes O "'Eaq

system.we must not preocuppy sugecsiiivn |lincar an stabicy for the veal system Jdues
not have the nature.On collecting and Jcaling with the data o shuid  nave real  and
reliable data.On establishing wodel,we should test [t with ,cal 3y5tea behavior and
devolop and perfect it in practice to make it solve correctly he real behwiior  of
cbjective system.
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Features system dynamics on regicnal. plannirg

Cri regional planning,we find that because of varicus ressons the history statistics
data is brought about in fragments and because it is on the course of unceasing treade
varies and of industrial constructure adiestion, it can not make statictics meet the
requirement. It has the mere difficult in oblaining specimen or sample ard data of the
longerterm  especially in ferfecture's econimic, science-techlodge, social well
coordiatating problem for it involves all trades and professions and vaviouse factors
that are compelex and different in dimenticn and have many difficulty in converting
them. In these Iieids we wust deal with a large nuaber of un-liniar problems. if it is.
svived by ecomicis and Input-Outeut analysis, there are many diffcities that could not
e caceeded.On dealing with this kind of multi-fector, dynatimics, non-linear compiex
system problems,systea dynamics as Lo the above method.

1. Supporting system model is not only dats. It is at first its structure system
interrior causality.

Dased on the princizal of system constructure deciding on function, the behavior of
real system is all defined by its constracture of mutual.Reacticn and mutual connection
amony system elements.By means of this, we can coveniently cbtain the most mainly
information form complex dynatics behavior system,znd rmake study appraxiate to ohblective
reality.¥hile the traditional quantitative mode! is supported by data.Tn Haerbin Econimic
-Energy-Surcundings Mode! research, apart form dats ‘o be insufficient, unfull and
incorrect,we also find thal Jita laging phenomencn 1s not excluded,especially high-arade
system such as econcmic and ccosystem that data~shaitase larzely limits appliying scope
and applying effect of generc! quantitctive modeliing method so that it the applying of
quantitative econimic and L..ut-Cutput anaysis impoasitle.”: apelying S.D,we can cbiain
nessary information form ezusity-feed back relaticisic and establish model and find
out the constructure that reflects i fericr relation of reol system. This can laraely
reduce the requirement for duts and can conclude suantitative study result or practice
conclution that is cbtained by the corbinalion of ual tative analysis intc quantitative
study,we call this feature as structive. T+ Is very important to city and regicnal

‘planning at the preseut statics and data Dnfurmation level of oy country for it can
largly save time and cost.

2. By simulation method,to better solve non-lincar sroblems

The man who establishs model to solve actua! pichloms has realiyed the actual system
is mostly non-linear, especialy gizantic comslex system such as Socia! Coonimee
Ceosystem.Because we have not found cut the more effective method in mathematics that

can deal with these non-linear problems,we have o rake thcse problems change into
linear problems to be solved. The concession of method resul® r. corresponding concessicn

of truth accuracy reliabity.This concession can inadequately keep to the simple system.

But if we should still apply this simple method, it sheuld bring about the more harmful

resuit to the solving of gisgantic ‘system such as Social Econimic Ecosystem.We often

cosider coordination develaring problenm of zigantic system such as §cience and technolozy.
[ S N

Ceonimic, Social and Surrvindiigs, e we are faced Dy real task of coordination
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development, of Ecomic,Energy and Surrondings.Ve do not make a detour of non-linear stage
entirtity deallng with the complex non-linear Systbhl This has led to much troudle to
gantitative econimic and Input-Output Anaysis.By means of S.D,the actual system can be
deflined as the combining system of multistage feeck-back loop. With the combining of
qualitative analysis into quantitative study,we can casily handle this kind of non-linear
problems. Instead of being solved by mathemsatics calculating but by simulation we can
make this kind of problems more appropricte handling as effective to solve non-linear
problems.

3. Intuition and imase when solving problea

‘With S.D,the problem to be solved can be formular.Acording to feature of problem,its
elements can be respectily represented by information flow and matter flow and currency
flow,and can be consxsted to & orasanlc entirety by sybtem interior mutual conneetion.
This can avoid shortage in the past by dealing with th prubxem with isolating these
systems. While by the other middle mebhods, it can solve the difficulty of the
trarsfomation of different elements when applying genearal methods. Campared to Input
-Output analysis,it has a pecular adVanuch Based oii this advantage, it could make the
research man listen to suggests crtensively,make logical model appoxitate to real system.
At the same time,when we have converted lcgical syste into the spec1al purpose flow
model of S.D, the concept of the orlglnql large 3>u3“510n elements is furture distinct
and we have decided that every element is hthh kind of varlable such as level variable
such as level variable, rate variable, assitant varizble and so on. Up to now, the
relationship pattern between elements is further distinct.The limited factors of logical
model now could be considered and unnessary factors could be removed.When we have written
DYNAMO Lauguage procedure moc! based on Tlow-picture, this lauguage itself has the
function of looking for errxo. .50 it can make us climinate every kind of error in form.
When the procedure model has Leen passed transtating and editing function we can most
intuitionly, imagely see how the model appoach to the property of the real system.

. Have policy-test and soclal-test and could give full play to the people's

subJectlve activity

Because system dynatics has adopted the methed of information and feed-back method, it
easily brings into desire valuce information of state avariable on establish model. the
different desire value has different result.This opens up the way to make science
experiment like seisnce on solving econimic and social problems.Campared to the input
of different policy to desired value.%e could adjust policy to achieve a certain aim.
The problems of being destrctive and risk that are inconvenlently tested can be tested
by system Dynatics model. We call this character as experiment. This is the most
important character campared to any other methods.New printed DYNAMJ soft ware (for
example PD-PLUS)also has the functions of two paramenters of value-modifying and picture
-modifying and has provided as advantage to do lots of simutation tests and give play
to our subjective activity.For we can depend on the form of"if-then"by S. D method to
give full play to researcher's imagination to study the system behavior in different
states and can systematically attain different resutls to find out the better policy and
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poliecy making prapramme and to forecast the result of the carrying of the proprammes.

9. S.D is deep and broad in analysis of middle- and long-term strategy

S.D is not only applied to solving the problems involved in science and technology,
economy and society in a macro way, e.g the general trend of macro-economy, the
proportional relation between accumulation and consumption relation betweer accumulation
and consumption,population,the changing trend of labour,but also employed to study the
production in an enterprise, inventory,sales in a micro way.

S.D is found to be much effective to analyse macro-economy. Science-technology and
society,espcially the general trend of the system behavior in the middle- or long-term
period. It can also be used for analysis of short-term behavior (3-5 years), middle-term
behavior (10-15 years) long-term behavior (more than 80 years).The longer the term is,the
more accurate the result is,e.g the Globe Strategy Study made by Dennis Meadows.

3. Person-to-computer connection is easy for communication

55 S.0 is a set of systematic methods and equipped with a set of formative graphs,
svecialised advanced languaze and other software,the real sroblem program is found to
well conforz to the dialectiacally-meditated law and very easy to use.This methed also
featured intuition,f{ree,of mathematical formula or inductive inference, it is easy to
conduct person-computer communication,thus maring it no difficuty in communicating of
the researcher with the enduser,because the cultural quaiity of the chinese users have
been well considered.This method is worth popularizing.

The limitations of S.D Metlod in Regional Planning

when practically applied,S.D is also fourd to be limited .n some respects as other
methods will,so this apprcach is left to be improved.Some limitations are given below.

1.Mathematical and Economic Theories are rnot provided in Regional Planning

If S.D is economy-science and technology-society-oriented, mathematical or econcmic
theories must be provided to suide.But S.D is found o fal! %o give them. As we know,
theory varys according to different model-makers,ss there is sure to appear subjectivism.
Further-more,when studying the co-ordinated development of & nation, some economoic
policies must be involved.Vhile medisting econcmic. Sicence-technoloay,society mude], the
nature of feed-back ring is difficult tc determine.Ve must bo aware that the special
asspect of a real fact should be well-analysed,otherwise there B no reliability.

2. lack of a set of scientific and all-round standared system
Waen considering the co-ordinated developmont of a nation in economic, science
-technolosy and society,there must be a set of scientifitic and all-round standard, by
now we have not worked cut such effcctive standord system, and S.D itself can't give
either.So the result obtained by S.Dlack of such assessment standard which means in this
two aspects® a) Whether a region Is in co-crdinated development In economy, sclence
-technolosy andLsociety; ; ?he measure given by S.D is correct. Thus, we have
P N P B R ?
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vital weakness and dlfflculty.Undcr sich condi cion we have Lo stay at btie level of
” -
shoective studyor”imasinary cxperirent”.

o. Subjectivism involved In the description of system stiucture

Cne basic poiint for S.D i3 "systen determine the functicn”. S.D is used to study the
:urut uauput function wy ucourxptlns uhc CLUMUud““‘Z‘uuc anJ Lu»nuu;uej buuxctj.¢1 Lhc
description is found to be wrong,than It zoons the basis is dostroyed

The subjectivisa irvolved scems to exist in two yays‘ cue is that diffcicay
description of one systen may appear du to different model-maker, the other is that
subjectivism may be involved in deterzination of parameter.
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domlnantly a planned one,the market-orlented euvnuuu i3 Inholonced, the effect of'lcy
1s not tangable, and even SONCblmcS Just on the contray. This means the investment is
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of rar’*m Guaiity.So we think it may be ’easxble and sui itable to well apply this S.D
appxu;h in the western LUuntrlcs.wulle Jn counitry with planned econony,such problems
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5. 8.D can't give the cptimal solution

Ona advantage of S.D is that it can simulate the social ziant system, i.e, it can
actually imagine the future development eccncmy,science-tecknclosy and society,e.g, if
we want to maxe simulation experiment of the developiaent of ECONORY , SCiehice-technology
and society in 2000,ve must before hand determine the future system structure in 2000,
nd decide on the input inte the systea in 2000.To ‘meet Uiese must be some"pre-policy”
as a reference and some knewledge of siructure paraacter. These tow requirements mean
that S.D shall be applied in combination with other quatatitative mettod. Even though
these two requirements are met, S.D itself can't provide the citimal solution in the
sense of theory.

S.D can give many results for us to make choice,s0 the decisior maker is the

master..
6. S.D gives strategic guide instead of specific advice
Regional Planning is a genera!l betiavior,S.D can only give strategic guide and policy
advice.But macrocosmic behavior is never solated.So in practice work,we should not only
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sharp price-rise buying sprec,bank run railvay acoident,and social riot et s we Kiow
that there must exist some por-conditicns for chass l.e non-linear system, cibicpy
increase and fluctuations, etc.So S.D is ineffectual in detcraination of social entropy.
" Some complex phenominon may exist i economy-science and technology-socienty system,
but the complex reason may o beyond this system.Superficially, this problem is not
within the CDESS, in fact,we have to face a new challenge. We should see the problem in
a view of openness.In this circumstance,the result is only an approximation to the real

complex social giant systen.

Some knowledge gained in comparison

1. Qualitative analysis must be combined with quatitative analysis

Regional planning is assoiated with the co-ordinated development of science and
technology,economy and society,and there are many sub-systems in the system concerned.
So there is no specified guatitative method that is available. Practically, we must
ciiploy qualitative method which is the.basis of quatitative method to asertain the
actual condition.Because only to the bottom can the model reflect the system bshavior.
For the co-ordinated development of science-technclogy,ecnomy and socirty, qualitative
analysis is considered as an very Important way to accurately make the planning model
and to correctly refect the system features.As is known,quatitative method is only a
mathematical approach in the abstract,when practically used, it has been simpified to
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approximately reflect the object system so,this method is not sound or perfect.

As a matter of fact,qualtitative method can be a complerent.qualitative method which
is of intuition may be practised upcn to make rough estimation and aralysis.In the case
that there is much difficult to study by quatitative method, qualitative approach is
found to be effective.But quatitative method is systematic,comprehensive, accurate to
reflect the inter-relationship among all elements.Aind the modeling process can deeply
reveal the poteneial contradiction and system behavior to make people well understand
- the system.

As is stated above,we can conclude that quatitative and qualitative'é;broaCh should
complement each othher.

I1. Select a proper model method according to the characters,conditions, necessasies
and goals of different regions

model method is a quantitative method applied more widely in regional planning today.
I have analysed and compared several methods above,which have applying conditions and
advantages. Ve must select it according to the characters, conditions, necessaries and
goals. If we want to study the economic action in the near future, the data being
completed and accurate,we can selete a quantitative econcmic model.We have the knowledge
from studying Harbin economy-energy-enviroment model.Harbin is a older industrial city.
Industry is of vital importarce. Enterprises have been lead by goverment but industry.
Project study requires division of industry in Harbin according to the state standard.
But the obtained data is not fit to the state standard which have a great restriction
on selecting quantitative eccnmic model.System dynamic method, which has advantage of
representing system structure,is lower in accuracy of data and effectiveness of sample
term.So we select it.Practice demonstrates it avaible.Ye realing that most cities in
china,especialy heavy industry cities, are changing from goverment administration to
"industry administration. It makes the requirement of production statisties chang greatly.
- It is difficult to get statistic data conform to the state standard in long term. This
limits the application of Mathematic Programming and Quantitative Economy.So we select
system dynamic method in planning Anshan city and Baotou city.System dynamic must not
be selected in any situation because it has some limitations. It is not accurate in short
term planning. It is no more accurate than othersin middle ard long term planning.So we-
can select it according to region,time,and condition.¥e think that we had better select
Input-Output Analysis to make planning of a province or a city.It can help to collect
a lot of basic data which lay fondation of the planning in the future.Then,it is more
accurate and effective to use System Dynamic to study science and technology, eccnomy
and society coordinated development. Input-Output Analysis is widely applied in regional
planning in these aspects: :

To analysis regional economy :
2. To forecast and planning the development of Macroeconomy
3. To simulate a complicated policy
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II1. Make the comprehensive model system Lo bring the function of every mode: meblwd
i full play in regional planning

nesional planning deals with a wide range of actual Issues. Different problems are
scived depends on the use of differeny qualitative and quantitative method. Form the
content, it should include econcmic model,science and technology model,social developmant
model,population model,ecology model,enviroment quality model,education model, labour
force model, living quality model,etc.In a word, it is a social system engineering related
o the region. It is required to reveal the mechanism and rule of development of social
giant system.fn effectire theuwy and method has not been given. Different model methcd

i3 used to satisfy the requirment of different regional planning in the practice. As
mentioned above,an Input-Cutput model is used Lo make sure the economic proportion in
a1l secters of the region. A quantitative eccnomic mode! is used to represent the
development quantitative relations of all nabtioi cconomic sectors. A optimal coutrol model
is uscd to optimize some cccncaic problems. A systen dynamic model is used to solve middle
anc long term development tendency and to do the fest of science and technology,econciy
aid socicty coordinated development. & system evaluation medel is used to evaluate
chjection,ete. In order to overcome the short coming of different method,we should use
a.l metheds comprehensively o bring the advantages of all methods into full play.So we
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Cadi Sl J.e m«wul FSiavivuanoig 3Cicis ahd tcchumugy, eCOlioNy ald SoCievy &ana
Mo o e h t"‘ Ir Int 1 rmmnnt? roabowom e yinm thana Lipda AF 4—}- dS + walva
Fepir€saliv Lhellr lnterna: cperavion ewiul i ome ne Wal TAESS KINGS O suho w0 Soive
three kinds of problems in Forkhd . iergy and enviroment coordinated developoernt
uil'ce nill CL pPrrobiems 1N haioin economy,ener &4 ahiG envirdment Collulliavtd Gevelopneho.
E I S TR RN AR A adbade oLVt L] e . A HP Y ] ~me Ter= Ted oo -
then,we have three methods curbined to form what is called the comgrehansive Integrated
[ i R HECN Ayt TR RSO SRR DS ST T L. RN K R f PR
mods! system, i.¢.we use SISuvin d.;’hamu, WOUESL Lo SULYe uic  pIOCLER O economic system,
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e do the first attemet to link the system dyremic mods! and others in the study of
bin econcmy-energy-envirczent coordinated development.Profassral DYNAY Plus gives
the necessasy technical means to complele linking, The sketch for mode! linking

~ indicated as below:
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2. we can raise efficicncy of rescarch by taking full advantage of the high
calculating function of comsuter.
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Many scholars in China have done a lot in this fleld t
which are worth spreading.Typical examples are three mod
to the comprehensive integrated models, i.e.Zhuzhou mode! G
and Xiang Yuanwang,XinJiang model combination made by WulJ
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This model system should be gradually standardized. (ive bases Should be established
to suit the need of regicnal Planning research. That is
1. Model base -
Model base is established with ‘he input-output model, guaintitative economic model,
e cn control model as its main past
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