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Urban Space Patchworks Affected by Street Density or Spatial
Connectivity
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Abstract

This article sought to explore urban spatial partition from a point of view of street density, in order to identify the geometric
mechanism of generating urban areas. Taking the historic centres of both London and Beijing, London Docklands and notional
examples as studying cases, it identified that the change rate of street density is a main geometric factor in the partitioning of
a city, and such change rate is embodied by the degree of connections among all the streets picked out by different radii. This

also has the kind of relationship with the classification of urban functions-
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&1/ Figure 1
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Street Density Map of The Three Cases
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&2 / Figure 2

ENEFINBES KER
The Periodic Patchwork Patterns of The Three Cases
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The Peak and Trough Patterns of The Royal Dock of London Docklands
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The Peak and Trough Patterns of The Historic Central Districts of London and Beijing
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The Patchwork Patterns of London (Black denotes Patches, Grey means the surrounding areas involved in the formation of the patchwork patterns)
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1/ Table 1
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A comparison of Street Length of The Patches and Their Surroundings in London

YK
po  |[PRARERE] ERHK El
(BE)m | (k&M | (B/RK)
R1 31.75 47.14 0.67
R2 38.00 51.02 0.75
R3 38.36 48.02 0.80
R Ei51E 36.04 48.73 0.74
B1 79.74 50.12 1.59
B2 68.31 52.45 1.30
B3 57.80 44.58 1.30
B SEiE 68.62 49.05 1.40
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Patches in the Three Cases

Street Segment Length and Street Connectivity of The Warm and Cold Coloured
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BE | (me) [(RIR)| SR (x| (87 %)
o W2 o 4910 | 4699 | 1045 | 49013 | 56.351 | 0.858
(1,400m) ot 4813 | 4817 | 0999 | 62026 | 45540 | 1355
LR 2 o 4164 | 4139 | 1006 | 63689 | 78.633 | 0.807
(1.700m) ot 4137 | 4191 | 0988 | 104857 | 70.010 | 1.500
mEmeg| B 4209 | 4178 | 1031 | 38637 | 46806 | 0.821
(1.200m) Kot 3952 | 4222 | 0935 | 56.233 | 45539 | 1.234

The Conceptual Test of Two Mofifs in the differently intensified context
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#*=3/Table 3
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Metric Mean Depth, Number of Segments, Scale
Parameter and Exponent Parameter for Individual
Street Segments
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&4/ Table 4
TREIFI300m x 300m R 75 4% M HK ) SEHEEE  (MMD)
Metric Mean Depth of 300m x 300m Subgrids

55/ Table 5

REHI700m x 700mEE {4 75 & W A K ) E 1988 B (MMD)
Metric Mean Depth of 700m X 700m Crids

MMD_ | MMD_ | MMD_ MMD_ | MMD_ | MMD_ | MMD_ | MMD_ | MMD_ | MMD_ | MMD_ | MMD_ | MMD_ | MMD_
R20 | R40 | R60 | R80 | R100 | R120 | R140 | R160 | R180 | R200 | n

SGrid A Grid A 394 | 524 | 654 | 783 | 910 4700

GridB | 128 | 262 910 | 1034 | 1157 | 127.9 | 4678
SGrid B1 Grid B1 39.4 | 524 | €53 | 782 | 90.9 | 1035 | 116.0 | 1285 | 468.2
SGrid B2 Grid B2 393 | 524 | 653 | 782 | 910 | 1036 469.1
SGrid C GridC | 128 | 26.1
SGrid C1 [12.7 GridCl1 | 129 395 | 525 | 654 | 782 | 909 | 1035 | 116.1 4719
SGrid C2 [12.7 Grid C2 394 | 524 | 654 | 782 | 910 471.0
FPUNREE T FE R B B B AR SRR P Rl AR TT R A 2 oniE DI LB RIS . K 2SR

References

BRI A3 38T IR I AR TR RUEE &k
Kl R A AR, HERD AR R BTS2
(APt Wl Ik VB B B, [EASIR T J LA
AR AR R 2 AR AL DR 5 oK. AR
X b, FPE BRI DG > X E Sk H T
AR bl (SOh o2 F) B LT AR
it

BT RIRBE SRS R TR DR ARG 52
TEMERRgE, ARSNGB AR g —24
T 18 5 R AN TR) L1 5 T R 4L P B XA B
2SI, A AR B 20— H A b
FOBILIAR; R IZERE I T #0 4 E S P R (A 23 [R) D)
g%, FCrRORIA HS 5 O 15 18 9 B B U R AR 1L
A4, Mifu AT A R T E Z Ay ] s P
FEIX AR X b, ARIA RUEE R A il s A
DUEBRERE (A3 B T AP S TN 4, Mif ik
BUOG M R R R A AR (R A TR
HOTEE AR ML) ifu A AS AL, A] e 00 & 4E W
IR BRIy A sh AR R . NI, SRl 2>
DX H A 1 3 e AR A A ) — R T B B R
AR EIRE 53 DX Bt 2 AT L% i A0
RO EZ8 R e e e B R R R AR AL, i
XA G DD AR & R AL — &, AR
(EAF LT hE L S b b e A L £
BHEF HABIhRERR A . R |, il
WAL U R SRS R, i Ry
AR NI RIS 2 MR b R R, TR

7it

046 | #mmigit 20192

tE, MESZERAUAEE, FMIARBLESEHE/NME XA
FERE N, i EL SRS A DR /)N B D 2 A
Ty 5 AR LN BB REIE & R G it 22
R o Aty BRATRIZRAT B0 22 R 0 A7 HLAY Bk
R, o A/NMEX, b KBE
N SR NI UYNTE 3 AT E Ve s
I T PSR TR TR T IE A S b 4
FEAZ I, AR EE RS AHEsh T A RAR
BEMIAE 2R A AR It S BATMA A A U A
B AR s TR 4 05 AU R g g,
VEEAT T 02 AR 2 BE A skl 23 [n) [ HE g
G PR I ESE AP S AL o Pl R b0
ARG, R 2 GBS KA
5 AR A a8 0 e e B AR AR LA 1L
T, MR SR A5G sl

23 [AIEEHERE L PO — P EL B O AL, X Ff
T 3 B AR AL ) — M43 2RI TR, D

[1] Jacobs J. The death and life of great American cities:
The failure of town planning [M]. New York: Random
House, 1961.

[2] Talen E. New Urbanism & American Planning[M].
London; New York: Routledge Taylor & Francis Group,
2005.

[3] Whyte W. City: Rediscovering the center[M]. Phila-
delphia: University of Pennsylvania Press, 2009.

[4] Hillier B, Hanson J. The social logic of space [M].
London: Cambridge University Press, 1984.

[5] Hillier B. Space is the machine [M]. London: Cam-
bridge University Press, 1996.

[6] Hillier B. Centrality as a process: Accounting for
attraction inequalities in deformed grids[M]. London:
Urban Design International, 1999: 3-4, 107-127.

[7] Hillier B, Turner A, YANG T. Metric and topo-geo-
metric properties of urban street networks: some conver-
gences, divergences and new results [M]. The Journal of
Space Syntax, 2010: 258-279.

[8] Hillier B, YANG T, Turner A. Advancing DepthMap
to advance our understanding of cities: Comparing streets
and cities and streets with cities [C]// Proceedings of
Eighth International Space Syntax Symposium. Santiago,
Chile: Pontifica Universidad Catolica, 2012.

[9] Stephen L- Defining street-based local area and mea-
suring its effect on house price using a hedonic price
approach: The case study of metropolitan London [J].
Cities, 2017, 60: 166-179.

[10] Omer I, Goldblatt R. Urban spatial configuration
and socio-economic residential differentiation: The case
of Tel Aviv [J]. Computers, Environment and Urban Sys-
tems, 2012, 36(2):177-185.

[11] YANG T, Hillier B. The impact of spatial parameters
on spatial structuring[C]// Green M, Reyes J, Castro A,
et al. Proceedings of Eighth International Space Syntax
Symposium. Santiago, Chile: Pontifica Universidad
Catolica, 2012.

[12] Vaughan L. Mapping society: The spatial dimensions
of social cartography [M]. London: UCL Press, 2018.



SYNOPSIS

Urban Street Density or Spatial Connectiv-
ity ?

Yang Tao

This article, based on the conceptual experi-
ments and the evidence-based studies on the his-
toric districts of London and Beijing as well as
the London Docklands, argued that a city should
not be treated a spatial network divided into a
series of differently intensified and well-defined
sub-grids or communities, or an analogy of
an organ composed by a group of cells; but it
should be considered as a continuous network
in which differently intensified areas vary with
scale with an aim of optimising the accessibility
among streets across scales.

Recent syntax studies showed that street is a
place for social community in which different
ways of connecting streets promote the different
degrees of social integration. When we treat
cities from a point of view of different scales of
connectivity, we will observe different dimen-
sions of urban spaces with their functional activ-
ities. The configurational relationship of spaces
perhaps enhances the classification or consol-
idation of socio economic activities. However,
the classification of the socio economic activi-
ties can be realized through the extent to which
those spaces are connected. In this way, the
spatial connectivity has become an interface
between the patterning of physical spaces and
the distribution of socio economic activities.
The change rate of density can be treated as a
tool for classification.

Empirical studies demonstrated the kind of peri-
odic structures in which warm coloured patches,
referring to higher rate of change of street den-
sity, are mixed up with cold coloured patches,
showing lower rate of change of street density.
In fact, this implied that more intensified areas
repetitively appear to become the neighbours
of less intensified areas, and meanwhile more

delicate configurations emerge from each area.
The warm coloured patches were identified as
peaks in which the summits correspond to the
most metrically integrated spaces with smaller
blocks. Those spaces are surrounded by larger
blocks. This phenomenon is called the cen-
tre-to-edge motif. The cold coloured patches
were picked out by troughs in which the bot-
toms relate to the most metrically segregated
spaces with larger blocks. Those spaces are
encircled by relatively smaller blocks. This
is called as the edge-to-centre motif. Both
motifs appear side by side, which also reflects
the kind of periodicity. In essence, such peri-
odicity results from the change rate of street
density.

This leads to the conception of dimensionality.
A linear space is considered as one-dimensional
space, and a plate treated as two-dimensional
space. The equally intensified grid should have
a dimension of two, which approximates a
two-dimensional place on the earth. The empiri-
cal studies demonstrated that the street segments
selected from the warm patches have the expo-
nents less than 2; but those chosen from the cold
patches have the exponents higher than 2. To a
large extent, it can be suggested that the centre-
to-edge motif is a sub-grid with the dimension
less than 2; but the edge-to-centre motif is a
sub-grid with the dimension higher than 2. This
in fact shows the fluctuation of dimensionality
found within urban networks. It can be called
as the dimensional distortion of the urban grid,
which can be applied to reveal the complexity
of cities.

In theory, the city adopts the centre-to-edge
motif, which produces the minimum of mean
metric distance at the level of the whole city.
However, at the levels of medium and/or small
scales, the motifs of the centre-to-edge and the
edge-to-centre emerge simultaneously in order
to optimise the mean metric distance across
those non-global scales. This article argued that
urban network intensified at different scales in
fact aims to make a balance among the different

scaled integrations and to optimise the different
scaled accessibility among various streets and/
or areas. In this way, different intensified areas
with different geometric layouts accommodate
various functional activities taking place at
different scales. As a result, the periodicity of
patchwork patterns is generated by geometric
transformations operated at the non-global
scales.

In this sense, the optimization of connectivity
among all the streets across scales results in
a non-equally intensified urban network, but
demonstrating the scenario in which street
segment density changes with the variation of
scales, or the variation of the scope from which
we perceive the city. This can be an analogy of
the dynamic fluctuation of trough-peak patterns.
Therefore, the partition of the urban network is
produced by the change rate of street segment
density.

Different functional patches or social commu-
nities essentially correspond to the variation
of connectivity of spaces observed at different
scales. Through this variation, some kinds of
functions are mixed up and meanwhile some of
them start to dominate some locations and even
rejecting the invasion of other functions.

Street segment density, in itself, is the local
effect, but the change rate of street segment
density demonstrates the extent to which those
streets are connected to each other. The latter
is the basic geometry supporting multi-scaled
vitality in cities. For the sake of practice, not
only should we focus on small blocks and high
density of the street network, but also take
advantage of change rate of block size and street
density as well as mixed uses and functional
integration or segregation. In such way, we can
generate more diverse and organic complex-
ity of cities, in which small and middle-sized
blocks, big compounds, commercial pedestrian
streets, high speed expressway and other urban
elements and meanwhile all those urban forms
can be used to accommodate different activities
satisfying diverse needs for human beings. D
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