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ABSTRACT: This study investigates the evolution process taditional organic town becoming a modern
grid city. It takes a case study of Foshan, a icitthe south China in the Pearl River Delta. Spag#ax
approaches have been adopted to visualize the dgreonio-spatial relations during the modernization
process. The significant differences between tiatit and modern spatial structure have been presgeén
this paper, which are helpful to explore the coveson challenges and redevelopment opportunities.
KEYWORDS: Chinese historical town, street network, transfion, space syntax, conservation and
redevelopment

1 INTRODUCTION

During the rapid modernization process in China,dh cities have witnessed a different kind ofaurb
development pattern which could be categorized eganscale, short-period, and mass produced. Imtrece
decades, this development approach has raisedusedoncerns about the preservation of historic
communities, old buildings, urban context, as waslicultural identities. Although a great deal dbe§ has
been made by both city managers and researcheny, nmeertainties still surround conservation thesri
and methodologies. Particularly they lack systecnatid quantitative approaches to investigate tlatioas
between historic areas and the changing urban xtoted support the delimitation of conservation
boundarie’'.

Firstly, conventional studies and practices thatnigafocus on the specific historic sites, are very
questionable in terms of the interrelations betwaldnand new urban areas. In the field of consemaind
urban design, it could be found that most of stidie2 focusing on the richness and complex of hation
of ‘places’ in traditional Chinese citféd. Many scholars of historic geographical field wievoted their
works to explain the development of the whole tovape¥®.. But little analytic endeavor links individual
places and the whole city, to understand how thesipal and functional cities of the past gave ts¢hose
‘places’. The part-whole problem is actually veiffidult to answer, like Hillier B® said that it is almost
impossible to make a clear morphological distintti®tween one part and another. But through comguti
the topological relations among the netwagace syntax is such a kind of technologies, to some extent,
providing a quantitative method to interpret thiatiens between the place and the surroundingssriiel
space and the entire dfty®.

Secondly, Chinese cities had experienced a serieremendous transformations with western
influences and technologies during the last centdoyvever, most of previous conservation studiesi$oon
either the ancient “golden time” or the currenttista rather than on the critical modernization pesc
Before the first Opium War of 1839-42, the urbawvelepment of Chinese cities was a relatively close
hierarchy system Then western colonialists and Chinese intelldstugno studied western sciences have
started to introduce modern planning schemes ansteation technologies to old Chinese cities. Afte

1 Most of capital cities followed the ideologicaltiain described iaogongji (the Artificer’s Record), with several remarkable
features: ‘grid pattern’, ‘north-south orientedsymmetric layout emphasizing an axis and centrel, ‘multi-enclosed city-wall’.
But most secondary cities and small towns, in gheosite side mainly formed their urban spaces basdtie local geographical
benefits and constraints, presenting the disordeneldstretched characters.
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Communist Party took power of China in 1949, thigesihave been dramatically reformed by applying
socialist development ideology and planning prilesplin the later part of the century, with thdiation of
‘open door’ policies in 1978, China has witnesseduger rapid urbanization procEssTherefore, the
current Chinese historical cities are presentingeay dynamic and complicate system, not only for
traditional images, but also for superimpositiohdifferent periods. It is necessary to investigatdetail of
the urban form evolution happened during the commtirs modernization period.

Thirdly, it is noticed that researches have coneted on the large, ancient Chinese cities, such as
Beijing, Xi'an, Nanjing, Suzhou, and Guangzhou.d attention has been given to small- and mediuedsiz
cities, which are the majority of Chinese urbartlsetent§®. Those small towns might not have great
palaces or be important in the political historyt they have formed fascinating vernacular settrgsand
local cultures. The study method should also bg déferent from the conventional preservation pices
which focus on the restoration of historical builgs or sites. More attention might be paid to thebe
image of historical environment and the developmesads of the entire town. Like recent exercises of
historical water towns in south Yangtze river, Lut'% and Duan J*? both emphasized on the street and
landscape conservation to keep the traditionalapaiganization. However, being lack of the saignand
guantitative means, the historic areas might notpieserved with appropriate urban environment. For
example, the redevelopment strategies will attmctmany people and the old facilities and narrtreets
will be overloaded; a new town center developmaeilitagcelerate the decline of the historic blookk.

ET ¥

* > L ] ¥;.'.:/.' . = L
il : Buangehiu
------ fa ik Taricq, s C
C uherg o -t _I’“'_hum . .
: ol
W Bk A R,
THE PESPUES HERUNUD CF CHBA 5 e e T G .
2y & Pl
! Trasjurn .} ¥
M s PO R |
Wil s T =
i v Gt L
g _— " ¥ arx 1
i ¢
T i, AR

Figure 1 Position map of Foshan city

Therefore, this study is to investigate the evolutprocess of a traditional organic town come &to
modern grid street network by a case study of Fashaity in the south China in the Pearl RivertB¢Fig.
1). It origins from fifteen villages; gradually caslidated into a famous trading town during Mingl &ing
Dynasty.But politically Foshan was dang, a low-level administrative unit in imperial ChiriBhus, unlike
the capital cities with ideological grids, the splastructure of Foshan was more organic and nijura
determined by geographical conditidflsHowever, like other cities in Pearl River Deltagion, Foshan has
experienced the dramatic economical growths andrudxtensions since the Reform and Open-door policy
in 1978, as shown in Fig. 2. Especially entering #ist century, the city is not only spreading, &isb
combining with neighboring towns and villages (R2y. The modern roads have formed a new grid system
and intervened into the historical areas. Therefiirés necessary to investigate in detail of wha¢
differences between traditional and modern netwuaitich is current spatial position of the histociore;
when those interventions get into the historicabarand how they affect the surrounding heritagesi

The objectives of this study are to

1. Identify the historical phenomena of Foshanestreetwork transformation during the modernization
period (1920s — 2000s)

2. Formulate quantitative analyses by space sytatassess the spatial relationships between Foshan
historical areas and the developing urban context.

3. Interpret transformation pattern of spatial-fimeal distributions of historic areas, to support
conservation or redevelopment decisions.
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Figure 2 The spatial growth of Foshan (1923-2004)
Note: 1. grey parts of 2004 map are built-up afddamhai district (Nanhai county before 2002)
2. Upop: Urban population, but not included the ignant populatiof

2 SPACE SYNTAX METHODS

Before asking the question ‘how the traditionalamig town comes into a modern grid-like city’ or
‘what is the transformation pattern of Foshan'sigpatructure’, there is a fundamental problenbéosolved,
that is how we represent the ‘spatial structureilfidd and Hanson coined space syntax in their hddie
Social Logic of Space’), as a new method to abstract the free spacesianasd the relationships between
physical urban form and human activities. It followhe traditions of graph theory (or topology), @i
divides the space system into units and then cetesiltheir inter-relationships'®. The description of how
buildings and urban spaces are configured, spatiifiarticulated into discrete and interconnegtastes, is
proposed to explain a variety of characteristicshef environmental psychology of places. To sontergx

2 redrew historic maps from Foshan Archives Bur&ashan Planning Bureau, Foshan Bureau of Land asdiRces, and

Foshanshi chengshi jianshezhi, (History of Fosheyab and Rural Construction), 1990
3 There are 466,000 immigrants according to the iaait 2004.
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the syntactical results simulate how people wippenence the place, where they will likely movehiitthe
place, and what they will notice and remenfifier

It is notable that there are three basic activiiesian beings performed in the spaces: moving trou
space, interacting with other people in space, v@nejust seeing ambient space from a point in it.
Considering their natural geometries, the smallesspace could be represented as following thredskof
basic spaces: (13xial space is composed of straight lines accommodating movemg@) convex space
where any two points in this space are mutual Msi{B) isovist space is a space constructed by the range
with respect to viewsheds.

Since the free spaces in cities are most lineah s roads, avenues, streets, alleys, etc., tindy s
would mainly apply axial models and related parargetMeantime, it is the most relevant model reigard
movement patterns, which would be further discugséke followings.

2.1 Axial modd

According to the definitions ifthe Social Logic of Space”, axial lines are used to represent directions
of unblocked movement and visibility. The axial rebs consisted of ‘the least set of longest striaipes
to cover the whole space’, Fig. 3 (a,b) as an examp

Using each circle as an axial line and each linking as an intersection, we could identify thetispa
interrelations between root axial line and othéiig.(3 (c,d)).Depth is an important parameter to represent
the topological interrelations, which means the imim distances (or steps) between two nodes. For
instance, in Fig. 3, the depth between space kpacke 7 is three.

{ch }1.‘

Figure 3 Axial model and justified graphs
(a) a portion of urban street map; (b) axial model,
(c) justified graph from space 1; (d) justified ginafrom space 11;

{d)

Based on the measurement of cluster effects, ththdeoncept could be further represented by
Integration value. The node with high integration value means thas easier to be accessed from others
because it locates at shallow level of whole gr&ph.the contrary, the node with small integrati@hue
represents the segregation trend since it is fmitmktreach€d A series of investigations showing the high
correla;g]ons between integration pattern movemadstributiort'®!, as well as functional places (i.e. retail
shops)~™.

2.2 Global and local configuration

As mentioned before, free space could be dividemlamumber of small-scale subspaces; which would
be represented as nodes in justified graphs. Thasspace system is literally read — and readalblith-a
different topologicalradius. In space syntax analysis, integration valuesaaying radii reflect different

4 In order toﬁbe]tter counter the effect of sizehaf $ystem, now space syntax community use folloféngulae standardized by
Kruger M.J. 718,
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scales of urban system. If counting all nodes ia #ystem, we could gajlobal integration values,

presenting the correlation between one node witlhal others. But if only counting the nodes witfain
search radiuk, we couldlocal integration values characterizing the relationships betweanribde and the
neighboring nodes within the search radius. Theeefio will turn out that the key to understandtpaand

whole is to understand the similarities and diffiees between global and local integrations.

But how to define the search radilsfor local parameters has not been clearly defirditlier
(1996:161) argues that pedestrian densities coelddst predicted by calculating the lines up to liwes
away from each linerédius-3 integration). However, few papers discuss how exactly bigthdius-3’ local
scale is, or what kind of neighborhood units itresgnts. By contrast, Eisenberg B. (2005) found tha
radius-7 is actually more fit with sub-centers lire ity of Hamburg; since radius-3 grids containmngch
fewer axial lines than the real local cores.

In recent years, space syntax researchers havedstardevelop techniques to distinguish sub-aireas
the complex urban context. Their approaches maaged on the statistical analysis of basic paraméke
depths, node amounts, integration vafi#s?®! This study adopted Yang’s mettfStito identify the spatial
discontinuities by calculating the change rate adencount with increasing radius from each lineelve
could find one or several big jumps between theseoutive ranges, implying kind of ‘boundary’ of area.

To some extent, the embeddedndssd) value calculated from the Eq. (1), helps to lightthe radius of
spatial differentiation. Wheredenotes the search radit,represents the number of nodes that keep k steps
from the root node.

In(Nk - Nk—l)

Emd (k)= (k-1))

1)

3 STUDY FRAMEWORK

As mentioned above, this study would investigat dignamic spatial relationships between old and
new urban fabric in Foshan by the tool of spacaasyThen it would involve the changes in two disiens.
One is the spatial scales would be investigatenh ftioe entire city to small regions. The other is time
scale that would cover the modernization perioanfrt920s to 2000s. The proposed study framework has
been illustrated in Fig. 4.

Historic maps
1923, 1951, 1962, 1976, 1984, 1994, -

\ 4
Space syntax modi

Emd
A\ 4 A\ 4
Global intearation mai Local intearation mai
\ 4 A 4
Suggestions to urban Suggestions to urban
plannina of historic col desian of historic distric

Figure 4 Diagram of study framework
4 ANALYSISAND RESULTS
To visualize the transformation process of stregivark in Foshan, a series of historical maps heshb

employed from multiple sourcesThe axial model analyses had been made by theaef of Depthmap 4,
which is one of the most popular platforms to perfepace syntax calculatidifs

5 Map sources: 1923 map from Foshan planning exbibitall; 1951, 1962, 1976 map from Foshan ArchiBaseau; 1984 map
from “History of Foshan Urban and Rural Construatit990”, pp.20; 1994 map from “Local History ofdhan Municipality, 1994,
platel; 2004 map from website of Foshan Bureauaofdland Resourcesttp://www.fsgt.gov.cn/zxbd/szdbpened in Sep, 2009
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4.1 Transformation of global integration distributions

With urban development in the last century, thennglabal integration degrees have been signifigantl
increased, reflecting the general improvementscoéssibility and configurability of Foshan urbarasgs
(Table 1). But for different periods, the integoatidistributions have various characteristics (Big.as well
as the related movement and land use patterns.

Table1l Transformation of global integration Table2 Global integration valuesof other
valuesin Foshan citiesaround the world!”
Period| Year | Axial sizg M. Con.| M.Rn Number M. Axial| M.
1923 2421 2.719 0.41% Region | of cities| size Con.| M.Rn
! 1951 2589 2.722 0.56% USA 12 5420 | 5.835 1.610
1962 1366 2.835 0.669 European 15 5030 | 4.609 0.918
1976 347 2.847 0.69¢4 UK 13 4440 | 3.713 0.720
2 1984 373 2.997 0.813 Arab 18 840 2.975 0.650
1994 355 3.110 0.89¢ Note: Axial size: the amount of axial lines
3 | 2004| 5061 | 3387 1076 M- Con:meanconnectivity .
M. Rn: mean global integration value (radius n)

According to the urban growth speed, | categdrittee seven time slots into 3 periods to better
compare the evolution of spatial structures. Thist fperiod includes 1923, 1951 and 1962, when the
transformations mainly happened inside the old smepe. The second period covers the early urban
development stage of 1976, 1984 and 1994. Thepkxsbdd presents for the rapid urban growth in Fosha
since 2000s.

Similar to the most of old cities in the world, dfdshan town have ‘organic’ characteristics, whiets
constituted by many short lines and irregular gadsshown in Fig. 5 (1923). Meantime, accordinght®
reference Table 2, the average global integratanes of early years were closer to the Arab citidsch
have similar organic forms. During the first peritide urban size of Foshan has not changed muthhéu
street density decreased significantly during tbeiadist development in 1950s. The degree of global
integration had been greatly increased by constigictew roads and destructing small lanige Fig.5
shown, the old mass-like integration core had bgradually changed to a few newly-built lines. Arexth
trend could be read from the analytical maps isttte condense integration core has been spreaddin
a big area, even reaching the edge of the city.eSasimmworking and living spaces had been distrithtivethe
urban edge; more movements had been concentratethécentral roads.

When urban area gradually extended during the skpeniod, the integration core has been moved
towards the west and south. Within the old ardss)dng main roads were still integrated; while tafshe
short lines segregating and being lower than tleeame global integration degrees. Besides, roaslitgan
the new development area is much lower than oléreaity. For the new long integration lines in nap
1984 and 1994, only few small lanes connect to tfieig. 5). Potentially those long integrated liveid
attract movements and businesses to intensifyate grids. On the other hand, the modern urbah igri
apparently larger than the traditional grid, whislalso found in other cas&s

During the last period, the global integration eswf Foshan are just a bit lower than cities ilAUS
with similar rectangle grid networks. Accordingtte rapid developing trend, it could be foreseenaizh
up with US cities in the coming future. The integm core had grown larger and larger, moving oairf
the historic areas, shown in Fig. 5. Most of akia¢s inside the historic core are low of integrativalue,
losing the advantages of spatial aggregation. ¢edatily the northern part of the old city, whickad to be
the busiest commercial area, is segregating framéw centre. In addition, several long lines datarthe
integration core, which is very different from tithwhal spatial organization logic. If deleting thangest 8
lines, the mean global integration value suddembps from 1.076 to 0.607. Consequently, those akntr
roads would be built wider and wider in order ttisfg the large amount of traffic, reducing the krability
and causing another kind of spatial segregation.
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Figure 5 Global integration maps (radius n) of differentngea
Note: equally classified the global integrationue for 10 levels, red for highest, blue for lowest
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4.2 Transformation of local integration distributions

Like Hillier suggested that the global integratimmalyses reflect the generic properties of cityagng
while the local integration maps seem to give aandetailed picture of the movement structlire
Meanwhile, the differences between local and globtgration maps might suggest the social or apati
variables that dominate in some places.

As mentioned before, the search radiusr local calculations should be defined first.eTtollowing
Fig. 6 of mean embeddedness curve shows that thelimes reach the maximum speed to embed into the
extensive contexts at the similar radii for thosang. The inflexion point — radius 6 lights on the
differentiation of area structure, which might imgind of ‘boundary’ of a local area in Foshan city
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Figure 6 Mean embeddedness in continuous radii of diffeyeats

If comparing the global and local (radius 6) ingg@n map, there are significant differences fo239
axial models (Fig. 5&7). It is notable that the thern parts have relatively higher local integnatiegrees
than the rest areas in 1923 map. Because the cacaingctivities along the norther river had atteact lot
of visitors and businessmen. But at that time, &gl of movements did not spread to the whole, city
perhaps due to the complicated street network atpgrthe strangers and native residents.

However, the variances have become fewer and fewtlie following years like Fig. 7 shown. One of
the biggest changes is that the northern zonestdric town was no more local or global integrato@mtre.
Most of traditional commercial places there hadnfedeclined or abandoned. Meantime, the rise of
integration degrees in middle region leads to acbilenge that how to maintain the historical niegs of
ancestral halls and settlements among the rich-mexéregion.

1923 1962 2004 |

g e o e w—

3 .l W
Figure 7 Local integration maps (radius 6) of different year
Note: equally classified the local integration eddor 10 levels, red for highest, blue for lowest.

5 DISCUSSIONS

Based on the above syntactical results, it is als/ibat the old core had lost its central posiiorong
the city in the last decade. When the global irtBgn core changes from a condensed line-mass/tyae
long roads, movement would be attracted in a véfgrdnt pattern (Fig.8). The former bounded ringas
had become the integration centre; while the olé auside is losing its spatial benefits and ativacess.
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Figure 8 Diagram of different integration cores and théireeting directions

It is a difficult task to renovate historical smatlale fabrics among current big grids without
intervening new roads. Therefore, the possibilibégeforming social functions in the old core ntidie
suggested. For instances, the northern commererdre could be gradually transformed to leisure and
tourist areas with local small businesses. Althotigie are few historical buildings remained irs thone, it
is still an opportunity to keep the old trading ntigy by encouraging small local shops, exhibitiong
workshops, restaurants, etc. Meanwhile, the infieassigrids would help to form local integration esr
giving benefits to the community economy. Howewee, should avoid the waterside high-rise real estate
development, which is actually happening in thg &@ne of the reasons is that the big-scale bugklimould
destroy the traditional spatial structure of thérerold core. And besides that they would seripbébck the
water landscapes from other residents, as welestomforts of inner low-rise buildings.

Besides, modern transportation alternatives, sischuaway system, make it is possible to re-attract
movements in old areas, but not building cut-ofide. And the selection of stations should be clyefu
designed with respects to historical contexts. Hmmethe subways constructing in Foshan now will no
pass through the traditional commercial zone. Thiy atation in the old town will be located in the
historical residential areas. It could be foreséls® further segregation of northern region and digg
challenges of conservation practices in middledezgial settlements.

6 SUMMARY

With investigating the evolution process of a ttiadial organic town coming into a modern grid stree
network, space syntax approaches are used tordtasspatial phenomena and create knowledge-based
historical interpretations of old areas in Foshiéyn @he comparisons of global and local syntattieaults
help to gain an insight of the spatial relationsoamthe changing urban contexts. The traditionatiap
organization pattern is greatly different from tberrent structure in Foshan city. And the diffeesc
between global and local integration maps haverbedewer and fewer. Those challenges have congdbut
to make the historical commercial areas declineetent decades. Meantime, the increase of integrati
degrees in middle settlements leads to a big aigdldor conserving historical ancestral halls aweltings
among the rich-movement region.

However, the interpretation of space syntax reshits several limitations. First, this study faces
difficulties to interpret spatial characteristicg individual places. Because the space syntaxtsesiainly
show the inter-relations and statistical perforneaatnodes. But in terms of particular places,ahsolute
syntactical value from axial model might be instiffint to explain the socio-spatial variables. Mehitay
that the available data of 1:5,000 or 1:15,000 naapdimited to explain the details of small scat&scond,
space syntax calculations only concern the netwugtconnectivities, but special topographical dbads
and social functions cannot be reinforced in thel@hoFor instance, the influences of water transpoe
difficult to be weighted appropriately in 1923 maythough axial lines could be conducted to coves t
river spaces, how to quantize the relations betweater transport routes and normal lines is stillopen
question. Third, the embeddedness method appligtisnstudy still has some uncertainties. Unlike th
relations between movement and network configunatib has difficulties to quantitatively compareeth
fuzzy embedding boundary with a related social fionc Nevertheless, the spatial differentiationsnfarea
are hot topics in the field of urban form studigkre studies shall be conducted to figure out hiffereént
cities make places through the interaction betwassan and its context. Fourthly, the space syntax
approaches mainly have been applied in the closedels, which are limited to seek predictions. Other
graph-based technologies like cellular automatohjckv see the same problem from the bottom-up
generation angle, could be introduced to re-intrfhre spatial evolution process.
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