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ABSTRACT

Key points of chaos theory: 1, systematic nonlinearity and complexity; 2, non-causality and unpredictability; 3initial
sensitivity; 4, fractal and self-similarity; 5, strange attractor, analyzes and explores the chaotic significance of
eco-city plan and construction, then proposes a preliminary plan.

Key words. chaos theory, eco-city, fractal, self-similaritirasmge attractor

INTRODUCTION

Butterfly effect, relativity theory and quantum rheaics are referred to as the chaos theory of @fec@ntury’s
three scientific revolution$!! With the establishment of chaos theory, peopleugtly realize that nonlinear system
is the universal existence, and linear thinking #ebry which were deemed to be mastered by peoquertly are,
in fact, special cases in nature. Chaos theoryshe$pto understand nonlinear complex system. Agerioehavior
patterns are caused by the interaction betweeningaml elements in a complicated system are callebs
phenomenon.

Chaos phenomenon occurs in objects or systems wanickiery easy to change. Such systems begin tatepe a
very easy pattern, but the pattern iterates acegridi certain principles and the operation resiuthe former stage
is enlarged accordingly, so the final results ttarbe very unpredictable, thus entering the chéate.sHowever,
chaos state does not mean total disorder, becaaseaw find certain principles of chaos phenomenfer a
long-term and comprehensive analysis. Because ctieasy can reveal the essence of the world vivighy
efficiently, it has been widely applied to earthk@i@rediction, meteorology, ecology, urban plan emhputers.

Urban giant system is made of many independenesystind elements. Every system can operate indepind
based on its own power and has self-regulationitabMeanwhile, all systems interact with each ot a
complicated way. City operation is the result af iteration of infinite systems and complicatechedats. So simple
linear thinking cannot be used to restore and r&tcoct the urban giant system. When we look badkisiory, we
would know that ancient people cannot control tature and society as well as us, but cities addgek in the past
were very disciplined and eco-friendly, becausey tttught a lot about natural phenomenon and leafrem
nature. So eco-city is what a city should be antibvé. Previous and current city mode built on base of linear
thinking and simplified organizing characteristissabnormal. To recognize, analyze, study and iarbuilding of
eco-city on the base of chaos system is vital fan&s construction of eco-city.

The key points of chaos theory are as follows: yktesnatic nonlinearity and complexity; 2, non-cditysaand
unpredictability; 3initial sensitivity; 4, fractaind self-similarity; 5, strange attractor, for gveliminary exploration
of the construction and plan of eco-city.

SYSTEMATIC NONLINEARITY AND COMPLEXITY

Chaos system is the result of the cross iteratibmany systems and complicated elements. The sysem
characterized by multi-layer, multi-angle, multirgénsion, non-linearity and complexity. So eco-gitsin should
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not be confined to traditional natural ecology, slwbuld be expanded to the broad sense of ecdtagyly, we have

to know the composing elements and organizing nétved eco-city system. The primary eco-city plardhy
defined eco-city system as natural elements suafreening system. Later, the theory progressethéontodern
ecological concept of the balance of land carryéagacity, industrial ecology and commercial ecoldgfjth the
development of science, people gradually realizg the have to expand eco-city dimension into thiarize
between human and ecology, and stress the indivishedogical balance of life. Only when we build@mplicated
and balanced ecosystem of many layers, dimenssystems and structures, can we build a completehaatihy
eco-city. A simple ecological system based on neltespace is vulnerable to changes and cannot tepera
independently, so it cannot form a complete ecp-githens Charter is regarded as the milestone is urban plan, but
the opinions it brings about in terms of accommimatwork, recreation and transportation are toopse, so the
cities built based on the charter are all aliked &raffic-jammed, and ecological-unfriendly. Thehtggt city” Erdos

is a vivid example to show how extremely singlealepment of city leads to ecological collapse. Tit& step to
build eco-city is to study the complexity and malger characteristic of city, and build it from thepect of society,
culture, economy and humanity.

NON-CAUSALITY AND LIMITED PREDICTABILITY

The intrinsic complexity and randomness of chaasesy are regarded as disorder in city form aftargoeeflected.
Chaos theory points out that the complexity anddoamess of systems causes the unpredictabilitystem’s

long—term behaviors. Thus, the eco-city system gsolong-term unpredictability. So, correspondieg-city plan
solutions are: long-term macro-control, short-tefetailed plan, quantitative detection of procelss,dombination
of top-down and bottom-up mode of planning. Longrieextensive and detailed plan of eco-controlospractical.
We can do long-term ecological plan at the macvelléo set larger structure and control area fgiaeal ecology,
but the short-term plan has to have strict initiahditions and detailed control area and builccstind scientific
indicators for quantitative management. Meanwhile, have to adopt dual planning method from bothdown

and bottom up. Traditional urban plan is the “tapvd” mode, but it has many disadvantages and chnamplied

to the plan of physical environment but not to enning and construction of eco-city. EcologickEmdemands
another aspect- the self-organization and mutuaimtion based on different levels of fractal- thaer of

the city to mobilize the creativity of all levelmda individuals to realize the self-organization whban

ecology so as to build an eco-city.

SENSITIVE DEPENDENCE ON INITIAL CONDITIONS

Sensitive dependence on initial conditions is @dgpfeature of chaos system. The small differeatmitial
conditions can lead to great difference in the [firessults. The self-organization of fractals of ohasystem
makes the small difference at initial stage ablecémse unpredictable results by enlarging the fitena
function between different stages gradually, whicdans when the information is passed from one stage
the next, the initial randomness is enlarged inélyi.

When the sensitivity of initial conditions of themstruction of eco-city is revealed, the governmleas to
define strictly and input and monitor initial cotidins in the planning and construction of eco-cligcause
minor changes of initial conditions can greatlyligince the result of the whole system. The forniatabf
initial conditions includes setting and implememdat Setting means setting strict ecological stadda
because only when we set scientific, comprehengiumntitative eco-city plan standards based onlloca
conditions can we start the construction of ecg-cCurrently, many local governments set evaluation
standards of eco-city, but these standards arénere#cientific, specified, quantitative nor based local
conditions. So these standards cannot efficientlidg, evaluate and monitor the construction of eitp;
instead, they are mere image projects. Meanwhike dtrict implementation is more important, because
initial conditions can turn into totally differenbnes after the independent operation of designing,
constructing and managing process. So the striatagament of initial conditions is vital to realizbe
intended goals of ecological system. As a compéidatystem, the implementation of every detail af-eity
can have enormous influence.

FRACTAL AND SELF-SIMILARITY

Fractal means every graph in different scale id-siehilar. Fractal has the following features:1ndi
structure in every small scale; 2, irregularity, matter the whole or individual part cannot be dissd by
Euclidean geometry; 3, self-similarity; 4, the drisce of simple recursive definition under most
circumstance¥! Fractal is an important concept of chaos theotye Thternal order of chaos system means
that chaos has inner systematic structural relatiamd similarity at different levels, i.e., selfrsiarity. !
Different functional layers, zonal structures, netl system, building density and man-earth relathop all
have the feature of fractal.
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Eco-city is a complex and giant system of multilgyself-similarity and self-organization. The mulidiyer
fractal of ecological system ensures its stable smstained functioning. In the multi-layer, selfrgliarity
and self-organizing eco-city system, several systémteract. Each ecological system at each layea is
spontaneous self-organizing unit, thus having seliissting ability. This enables that the complesteyn
can adjust and repair itself based on its own nagtons. The disturbing and damaging effect of emwinent
will influence the operation of some systems angetfa, but the self-organization at macro-level or
micro-level of systems or multi-systems will cortear repair this influence to make sure that ecalab
system can resist damage and change, and operaltbihe As old sayings go, “grass cannot grow \witit
trees” “there would be no material progress withoellectual progress”, so the whole eco-city eaist
because it has many layers and each layer has etenptological group. So the construction and mfn
eco-city should use the principle of fractal. Weoshl first set a goal composed of different layarsd
complete system, and they should interact with eaitter and have the characteristic of self-simiari
Secondly, we have to set strict evaluation stanslépdensure that the management process has pgaadip
follow and that ecological goals can be realizeamtitatively. Thirdly, we have to give full rein tthe
bottom-up planning strategy to ensure that selfilsirity can get into every aspect of society anddree the
smallest functioning cell.

STRANGE ATTRACTOR

Chaos theory studies about the orders in disor@der means the system would converge to certain
attractor in the phase space. In the phase spaopased of generalized coordinates, after a long tithe
motion trial of chaos system will enter a stablel greriodic orbit or become a clothoid which is ajwa
changing but has latent rules and orders. Chaadsite$ appear to be random, but also have thebattes of
disordered whole being imported to some potentéadters, so chaos activities can converge to limitasd
have the regression characteristics of being abimdke variables tend to return. This strange dtarsstic

is called strange attractdt!

The appearance and development is the spatial gggoa at preferred locations. Geographical enwiment
has decisive influence on a city’s characteristidewever, the plan and development of eco-cityfirst of

all, to form growing point based on the region’srematural characteristics and high-quality researc
which is strange attractor, and then the city camedop gradually. In history, geographical, socw@lltural
and economic models centered around strange aitradter long-term evolution have formed relatively
stable and good urban ecological systems. This kih@&co-city plan and construction based on natural
characteristics are very easy to develop and caidatbe building of simple and fragile system besawf
limited knowledge of human beings. When the growprognt begins to have ecological effect, the regian
form growth pole through polarization and prolifdom, thus attracting surrounding regions to folldke
same example. Though plan cannot control whole ggs®f the change of eco-city, however, it can fimel
intervention method and help to adjust the intetien of eco-city. For example, Barcelona of Spain
conducted the “acupuncture mode” of local environtmaovement led by the government, which promoted
whole urban ecology step by step. So the key pofnéco-city plan is not to acquire details or toildu
precise models, but to control the “strange attret of system behaviors and mode change.

Chaos theory helps us to know the rich and colo®fif century. It helps us to rediscover the seemingly
similar world. We should not be afraid of disord®mly after we accept the universal law that theldids
disordered, can we see the world clearly in ch&os.the designers and developers of urban plannhay
must fully respect, understand and use chaos thi@ooyder to plan and build a real eco-city.
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