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Index system; method for the street network of China’s superblocks based on Marshall’s route structure anal-
Route structure ysis to explore the configurational characteristics and sustainability of the network. To fit local
analysis conditions, this study improves Marshall’s route structure analysis from four perspectives,

namely, the judgement of relative hierarchy, the node construction principle, and the deletion
and addition of the original indicators. The improved method is then applied to calculate and
compare the depth, connectivity, and complexity of the street networks of 10 sample super-
blocks in Nanjing, which are classified into six types by construction backgrounds, each having
two scenarios differing by the level of publicity. Results indicate that the types formed in
accordance with the “The Capital Plan” of the Republic of China, which presents a combina-
tion of fine orthogonal grids and radiations, and by the renewal of the traditional street-and-
lane network, which has the “characteristic structure” defined by Marshall, perform best in
terms of configurational sustainability. The analysis also reveals that the addition of semipublic
streets formed mainly from the bottom up narrows the sustainability gap among the samples.
This study provides a tool for elaborate urban study and design and provides insights into the
cognitive and practical aspects of China’s urban planning and design.
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1. Introduction

Superblocks are areas defined and bound by arterial roads,
hills, rivers, city walls, railways, and administrative
boundaries and are divided into subblocks by intersecting
local streets (Peponis et al., 2017; Chen, 2018). China’s
superblocks are the product of a dualistic planning idea,
where duality refers to government investment and hard
control of boundary trunk roads only (Monson, 2008),
resulting in huge differences in hierarchy, form, and func-
tion between the boundary and the interior. As early as the
feudal period circa 800 A.D. in China, the superblock model
was widely applied to the construction of ancient capitals
and various types developed under the influence of the
Soviet microdistrict, the neighborhood unit, and modern
car-oriented transport planning (Shane, 2014; Kan et al.,
2017). The superblock’s internal street network structure
immensely affects people’s daily travel and activity pat-
terns and impacts on the distribution of land use and
development intensity (Hillier, 1996b), along with places’
diversity and local character. The connections between the
internal and boundary streets determine whether global
and local movement, the public, and daily space can
coexist and interact effectively and collaboratively on a
daily basis (Peponis et al., 2017; Moudon, 2019; Hillier,
2002).

Three major difficulties are found in the study of the
configuration of the street network of China’s superblocks:
1) Strong hierarchical differences are found between the
global and local scales and fuzzy hierarchical differences
within the local scale. At present, no representation
method can capture the two configurational characteris-
tics. 2) The coexistence of top-down planning and bottom-
up updating leads to ambiguity in identifying research ob-
jects. 3) Various types of superblocks have formed over
thousands of years of urban development in China and
cannot be represented by any typical model, such as the
historical street-and-lane network or work unit. The
configuration of the street network in China’s superblocks
cannot be articulated because of the lack of a systematic
representation method. Therefore, the links between
configuration and performance and between cognition and
design cannot be established, thereby frequently leading to
problems, such as plagiarism or oversimplified solutions.

With the development of complex theory and computer
technology, various representation methods for street
network configuration have been proposed (Hillier and
Hanson, 1984; Hillier, 1996a; Marshall, 2004; Turner,
2007). Many studies have explored urban areas with
bottom-up historical accumulation and proposed indicators
(such as connectivity, complexity, and depth) that are
closely related to the performance of the street network.
Marshall’s route structure analysis focuses on the effect of
hierarchical differences among streets on people’s behav-
ioral continuity (Marshall, 2004). The core concept of Mar-
shall’s method is “hierarchy,” which is highly consistent
with the characteristics of China’s urban street network.

However, the fuzzy relative hierarchy of streets within
superblocks has not been considered in the original
method; therefore, the method’s operability and applica-
bility in the context of China’s superblock must be tested.

This study proposes an improved representation method for
the street network configuration of China’s superblocks
based on Marshall’s route structure analysis to explore the
configurational characteristics and sustainability of the
street network of China’s superblocks.

2. Literature review

2.1. Notion of sustainable urban form

The form of historical cities is usually considered consistent
with the concept of sustainability (Salat, 2011). Comparing
a natural city with an artificial city, Alexander (1965) noted
that the former has “denser, tighter, and finer” connections
and a more complex structure that he identified as the
semilattice, where an element is connected with multiple
elements to form overlapping sections. Salingaros (2005)
revealed that the differences and complementarities be-
tween elements are the prerequisites for the formation of
connections. Jacobs (1961) sharply criticized the simplistic
nature of modern planning solutions, thereby destroying
the diversity of traditional cities and weakening their social
and economic vitality. She proposed short blocks (dense
street intersections) and streets with diversified functions
and characteristics as ways to return to traditional cities.
Feliciotti et al. (2016) interpreted the sustainable urban
form from the perspective of resilience theory. She
believed that a city is a “self-organizing complex adaptive
system” and that the lower the level of an element is, the
more elastic it should be, where the system can respond to
external or internal changes without changing its
functionality.

Focusing on the street network, Marshall (2004) used
route structure analysis to quantify unplanned (historical
street network formed in the preplanning period) and
planned street networks. He showed that the unplanned
street network reflects a medium to high level of connec-
tivity and complexity and has been favored by the masses
and academia over the long term. Hillier (1996b, 2009) and
Yang and Hillier, (2007) conducted an in-depth exploration
of the relationship between the street network configura-
tion and the distribution of economic and cultural activities
and proposed a model of a sustainable urban form where
the multiscale centers are interwoven and penetrate into
the noncentral places dominated by residential areas. This
idea ensures a reasonable distance for people to move from
residences to centers and to switch between centers of
different scales.

As noted by Shane (2014), China was one of the first
countries in history to organize urban form and function on
the superblock scale. The superblock mode represents a
phenomenon of duality. The arterial roads are deliberately
planned and connected into a network for centralized
functions (for example, the business center), public events,
and long-distance traffic. By contrast, the micronetwork
frequently has an unrestricted form, complex structure,
and strong spontaneity, enabling small-scale, complex, and
active interactions to remain within the strict macro urban
framework (Salat, 2011). With the interior and boundary
finely connected, which is mostly found in historic districts,
the activities that operate at the metropolitan and local
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scales can be experienced within a few steps of each other.
Such street network characteristics are also identified by
Peponis et al. (2017); Shelton (2012), and Chen (2018) in
their studies of Gangnam in Seoul, South Korea, and Gokiso
in Nagaoya, Japan, and these characteristics contribute to
the preservation of traditional culture and social ties.

The characteristics of sustainable street networks are
summarized as follows: multi-scale hierarchies that work as
the “classifier” of activities and functions (Sheng, 2013;
Hillier, 1996b, 2009), high connectivity that guarantees cir-
culation efficiency (Jacobs, 1961; Marshall, 2004), high
complexity that reinforces centers and responds to the
diverse demands of daily life (Alexander, 1965; Salingaros,
2005; Jacobs, 1961; Marshall, 2004), moderate depth that
ensures a reasonable distance from any location in the street
network to the nearby center (Hillier, 1996b, 2009; Yang and
Hillier, 2007), and low-level elements that are highly adap-
tive for an improved capability of the overall network to
cope with changes and risks (Feliciotti et al., 2016).

2.2. Route structure analysis

Studies of street network configuration rely on graphs. A
graph is a mathematical abstract model composed of nodes
and edges (Porta et al., 2006) that provides "a powerful,
versatile language that allows us to disentangle the basic
structure of networks” (Lowe and Meryadas, 1975). The
process of drawing a graph reflects researchers’ purposes
and ideas in selectively extracting elements and relation-
ships from a 2D plane or 3D space and reproducing them as
nodes and edges (Marshall, 2016; Marshall et al., 2018).

According to Marshall, conventional transport network
analysis and space syntax show reduced performance in
representing the hierarchy and continuity of roads,
although they are relevant to actual movement, especially
in modern hierarchical and open-plan layouts (Marshall
et al., 2018; Ratti, 2004; Shao, 2010). Therefore, Marshall
proposed route structure analysis with hierarchy as the key
concept in “Streets and Patterns”. He believed that the
relative hierarchy of streets should be judged and used as
the criteria to determine whether a node remains contin-
uous or splits at crossings on the basis of the principle that
high-grade roads cut off low-grade roads. With the node of
the highest grade in the network being the datum, the
configurational role of a node is jointly defined by its to-
pological distance to the datum (depth), the number of
road segments of which it is made up (continuity) and the
number of nodes to which it connects (connectivity).

For a network composed of a group of nodes, Marshall
proposed “the Netgram” of depth, continuity and connec-
tivity and “the Hetgram” of complexity, regularity, and
recursion to measure its configurational characteristics.
The depth, continuity, and connectivity of “the Netgram” is
equal to the sum of the depth, continuity, and connectivity
of all the nodes in the network, respectively. The indicators
of "the Hetgram” are calculated with the number of node
types (defined by the nonrepeating combination of node
indicators) and the maximum depth value. He used con-
nectivity and complexity to describe the “characteristic
structure” that he promoted: a structure with medium to
high complexity and connectivity.

Route structure analysis has great advantages and po-
tential in representing the dualistic nature of the street
network of China’s superblocks because of its hierarchy-
based node construction principle, that is, the strong hi-
erarchical differences between boundary and internal
streets. Two sets of index systems, namely, nodes and the
overall network, are available in route structure analysis.
Therefore, it can articulate the differences among nodes in
a network and enable analysis and comparison of the
network as a whole, thereby facilitating the research
method of sample comparison used in this study. Moreover,
these indicators are comparatively simple and intuitive,
making the results easy to communicate to practitioners
and apply in practice.

3. Methodology

3.1. Representation method based on the
modification of route structure analysis

To quantify the street network configuration of China’s
superblocks, we analyze the operability and applicability of
route structure analysis from four aspects, namely, relative
hierarchy judgement as the basis of node construction, the
node construction principle, and deletion and addition of
the original indicators. The corresponding modifications
(Table 1), graphic method, and index system are then
proposed.

The fuzzy hierarchical differences among streets within
China’s superblocks conflict with Marshall’s method where
the relative hierarchy of streets should be identified before
node construction and form the basis for the latter. In route
structure analysis, hierarchy refers to the relative hierar-
chy of all intersecting streets rather than the standard road
classification, such as “expressway—trunk—branch”, in
traffic planning. Although the judgement criteria of relative
hierarchy, including planning documents, road width, and
speed control, were proposed, Marshall pointed out that
decision making was largely dependent on the researchers’
personal expertise (Marshall, 2002). To test the operability
and validity of the criteria, we take Hongmiao Superblock
as an example and number the 10 internal streets as l1_1o
(Fig. 1(a)). All these streets are branches and have the
same speed limit of 30 km/h. As many branches in the old
city were formed before modern planning, the land
boundaries are uneven and jagged, and the width of a
street frequently changes. To accurately measure the
street width, we extract the land boundaries and road
centerlines from the map and generate a series of section
lines along road centerlines with a spacing of 10 m
(Fig. 1(b)). The lengths of section lines are measured and
shown in the box diagram (Fig. 1(c)) by street. In the box
diagram, street width is presented as a numerical interval
rather than a single value, and the intervals between the
upper and lower quartiles represented by the blue bars
overlap with each other. Therefore, ranking the relative
hierarchy of streets by the medians of street width is
insufficiently rigorous, and ranking by numerical intervals is
extremely complex and less operable. This condition in-
dicates that the relative hierarchy of the streets within the
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Table 1 Issues of inoperability and inapplicability and corresponding modifications of route structure analysis.
Aspect Problem Modification
The relative hierarchy among streets within 1. Retain the cutting effects of
the boundary trunk roads on

Relative hierarchy judgement
as the basis of node

construction
Principle of node construction

Deletion of the original
indicators

Addition of the original
indicators

superblocks is ambiguous and difficult to
identify.

The streets within superblocks are unlikely to
form obstacles because of their subtle and

fuzzy hierarchical differences.
Under modification 1, the correlation between

continuity and connectivity is substantial.

Under modification 1, different characteristics
are generated when nodes with the same depth
and connectivity are connected to nodes with

varying depths.

the internal streets, ignore the
hierarchical differences among
the latter, and retain their
continuity within superblocks.
2. Remove the continuity from
the original indicator system.
3. Add the ratios of connections
with nodes at the lower depth,
the same depth, and higher
depth to the total number of
connections to the original in-

dicator system.

superblock is ambiguous,
considerable uncertainty.

In the study of road network configuration, a node is
defined as a solid cognitive entity (Figueiredo and Amorim,
2005). A street, whether straight or curvilinear, can be
regarded as a node until it encounters obstacles to move-
ment or vision. Shao (2010) suggested that expressways and

and the judgement shows

which are small

mm Boundary streets
—— Streets inside superblock

(@

30.00
255

2000 o
Width e
(m)

10.00
179 131 T

5 6 T
Street Number

(c)

trunk roads, which are the products of modern transport
planning, form obstacles when intersecting with branches
because of the huge hierarchical differences. No proof is
found that the hierarchical differences of all degrees,
including the differences among branches in Chinese cities,

and difficult to assess, will cause the

streets of lower hierarchy to be blocked and cut.

Street centerline

(b) —»— Street section line

Fig. 1  (a) Streets within Hongmiao Superblock numbered I,_;o. (b) Section lines along the street centerlines with a spacing of
10 m. (c) Box diagram illustrating street width with the distribution of the length of section lines by street.
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Relationships between connectivity and continuity. (a)—(c) show the relationships following the principle of high-grade

roads cutting off low-grade roads in accordance with route structure analysis. (d)—(f) show the relationships when the road
configurations remain the same as in (a)—(c) but with the modification of the node construction principle.
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Fig. 3 Three situations of nodes (red) with the same depth

and connectivity connecting to nodes with different depths. (a)
The node (red) connects to two nodes with the lower depth. (b)
The node (red) connects to one node with the same depth and
one with the lower depth. (c) The node (red) connects to one
node with the lower depth and one with the higher depth.

Therefore, we modify Marshall’s node construction princi-
ple to retain the cutting effects of the boundary streets on
the internal streets, ignore the hierarchical differences
among the latter, and retain their continuity within the
realm of the superblock.

Assuming that the above modification is made, checking
for information duplication or redundancy in the original
indicators and whether they fully describe the nodes’
configurational characteristics is necessary. Among the
three indicators of depth, connectivity, and continuity, as
the information expressed by depth obviously differs from

that expressed by the two other indicators, this study fo-
cuses on the relationship between connectivity and conti-
nuity. Marshall defined the continuity of a node as the
number of segments it comprises and connectivity as the
number of nodes to which it connects. Supposing that all
the streets represented by straight lines in Fig. 2(a)—(f) are
branches, the continuity of a branch with a higher grade
(red) remains 5, and its connectivity is 8, 6, and 4 when it
cuts off the branches intersecting with it in accordance
with route structure analysis, as shown in Fig. 2(a)—(c).
With the modification of the node construction principle,
all the branches remain continuous through intersections
(Fig. 2(d)—(f)). On the basis of this premise, the continuity
of the red branch is consistently the connectivity number
plus one. Considering the high correlation between conti-
nuity and connectivity, we propose a modification to
remove continuity from the original indicator system.
Depth and connectivity are the two most commonly used
indicators in the study of street network configuration and
have a good ability to describe a street’s configurational
characteristics. However, we find that different structural
characteristics may be generated for the nodes that have
the same depth and connectivity but are connected to
nodes with different depths (Fig. 3(a)—(c)). For example,
the red node in Fig. 3(a) connects with two nodes with
lower depths and strengthens microcirculation, and the red
node in Fig. 3(c) diverts the flow from the low-depth node
to the high-depth node as a part of the tree structure.
Given that the above information cannot be captured by
depth and connectivity alone, we propose a modification to
add the ratios of connections with nodes at the lower
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(a) (b)

1.2.3

Fig. 4

depth, same depth, and higher depth to the total number
of connections to the original indicator system.

On the basis of Marshall’s route structure analysis and
the three modifications, a graph (Fig. 4(b)) comparing
Marshall’s graph (Fig. 4(a)) and the object, definition, and
calculation formula of indicators are proposed (Table 2).

3.2. Case studies

Nanjing, like most historical cities in China, presents a
diversified form with overlapping and collaged street pat-
terns from multiple construction periods (Chen and
Thwaites, 2013; Song, 2019). Six main types of street
network are found in the Old City and the Hexi New Area of
Nanjing, where five of them are typical countrywide, and
the other is a special type formed when Nanjing was the
capital of the Republic of China. Ten superblock samples
covering all six types are selected for this study (Fig. 5).
The areas, boundary conditions, and other main informa-
tion of the studied superblocks are listed in Table 3.

3.2.1. Type A—Completely preserved traditional street-
and-lane network

Sample A is located in the Ming and Qing historical area
(formed before the early 1900s) south of the Old City of
Nanjing. The traditional street-and-lane network and the

1 Depth
' 1 [
= 2
1.2.1 — 3
.2
1.3

(a) Graph in accordance with route structure analysis. (b) Graph under the modification of the node construction principle.

plot structure with private house and courtyard as the unit
have remained approximately intact in that area.

3.2.2. Type B—Built in compliance with “The Capital
Plan”

Sample B is a residential superblocks constructed under the
guidance of “The Capital Plan”, which was the first sys-
tematic planning document of Nanjing during the period of
the Republic of China in the 1930s. Its street layout borrows
a model combining fine orthogonal grids and multiple sets
of radiations from western cities.

3.2.3. Type C—Renewal of the traditional street-and-lane
network

Samples C; and C; are located in the built-up area from the
Ming and Qing Dynasties. Since the 1980s, the two super-
blocks have undergone renewal activities, such as street
widening, cul-de-sac elimination, and plot consolidation
and reorganization. However, a majority of the original
street-and-lane pattern has remained intact.

3.2.4. Type D—Derived from the disintegration of work
units

Samples D4 and D, are located in the eastern part of the old
city. During the period of the planned economy from 1949
to the late 1970s, the two superblocks were occupied by

Table 2 Object, definition, and calculation formula of indicators.

Object Indicator Definition

Calculation Formula

Node Depth (d)

The topological distance between a node and the datum,  N/A

which is usually an expressway or a trunk road.

Connectivity (c)

Ratio of the three

connections (rq, ra, rs)
connections.

Overall network  Depth (D)

The number of nodes connected to a node. N/A
The ratio of connections with nodes at the lower depth,  N/A
same depth, and higher depth to the total number of

The arithmetic average of the depth (d) of all nodes in D= Y7 .,di/n
the network.
The arithmetic average of the connectivity (c) of all C= > ,c/n

Connectivity (C)

nodes in the network.

Complexity (Com)

The ratio of the number of node types (T) generated by

Com = (T — dpax)/n

nondepth factors to the total number of nodes in the
network. Node types (T) denotes the nonrepeating
combinations of node indicators (d, c, rq, ra, r3).
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Fig. 5

+ 0_05 1 2

Distribution of 10 superblock samples in the Old City and Hexi New Area of Nanjing.

Table 3  Descriptive statistics of the studied superblocks.

Sample Area Boundary Length of boundary Length of Length of semi-  Density of network Density of network

ID (ha) element trunk roads (m) public streets public streets (m) 1 (km/km?) 2 (km/km?)

(m)

A 23.84 Trunk 1810.11 5453.70 716.74 26.67 29.68
roads + city
wall

B 36.35 Trunk roads 2467.63 4767.01 237.97 16.51 17.16

C, 36.21 Trunk roads 2415.20 4107.54 1560.47 14.68 18.99

C, 40.04 Trunk roads 2553.93 4155.69 1785.36 13.57 18.03

D, 55.17 Trunk roads 3014.56 3279.14 2408.61 8.68 13.04

D, 41.93 Trunk roads 2641.46 39.16 1348.31 3.24 6.46

E4 49.17 Trunk 1877.31 5259.47 2568.69 12.61 17.83
roads + river

E, 42.50 Trunk 1915.58 4429.47 1269.40 12.68 15.66
roads + river

F4 54.29 Trunk roads 3053.71 2095.15 0 6.67 6.67

F, 32.62 Trunk roads 2548.65 2120.84 1450.43 10.41 14.85
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campuses

Access roads for off-street plots

Stets in high-tech parks and

e 4=
Interior streets of open or partially

open residential areas

Streets shared by adjacent plots

Fig. 6 Typical cases of semipublic streets.

closed work units, including workers’ villages, campuses,
factories, and military commands. With the transformation
toward the market economy, the two samples have expe-
rienced the disintegration of the original working units, the
rezoning of plots, and the replacement of functions.

3.2.5. Type E—Fruit of new town planning in the initial
stage of the market economy from the 1980s to the late
1990s

Samples E; and E, are among the first residential super-
blocks constructed in the Hexi New Area in the 1990s and
are of exemplary significance at the time. The layout of
street networks frequently had a clear hierarchy and
adopted forms with medium to weak connectivity, such as
rings, semirings, and tree structures. Traffic was discour-
aged in residential superblocks (Wu and Li, 2010).

3.2.6. Type F—Derived from contemporary urban
planning influenced by the idea of sustainable
development since the early 2000s

Samples F; and F, are located in the central area of the
Hexi New Area, representing a typical residential block and
a commercial block of the contemporary new city,
respectively. Influenced by the concepts of people orien-
tation and sustainable development, the Chinese govern-
ment promoted the “small block and dense street network”
planning model in 2016. In this context, the street layout of
Type F samples adopted regular orthogonal grids but with
low street density. Sample F; contains several gated com-
munities, and sample F, contains office towers with street-
level commercial space.

For each sample, we define two scenarios on the basis of
different levels of public access to the streets. Network 1 is
composed of statutory public streets, which refers to
streets in accordance with land use planning and paths in
public parks and squares. These streets and paths are a sort
of public space that is accessible to all at all times and for
free.

Network 2 consists of public and semipublic streets.
Semipublic streets refer to streets located inside the plots,

where the land use is not that of a road and which are
accessible to the public to varying degrees (Fig. 6); they are
common in China’s old cities and early new towns. They
have “quasi-public” or “semipublic” attributes because
these streets belong to private landowners who take re-
sponsibility for their construction, maintenance, and
management.

For Network 1, the modified route structure analysis is
applied to calculate the depth (D), connectivity (C), and
complexity (Com) of the 10 sample superblocks. We can
assess their configurational sustainability and determine
the type with the best performance by comparing the three
indicators of each type of superblock. For Network 2, the
indicators are calculated and compared with the results of
Network 1. As semipublic streets are usually generated
from the bottom up, Network 2 indicates the modification
and supplementation of the original plan in accordance
with the actual use demand. Analyzing the changes is
helpful in identifying the street network configuration
tailored to residents’ actual needs and the degree of
adaptability of urban planning and control. Table 3 lists the
length, density, and other basic information of the two
networks by superblock.

4. Results

A graphic rendition of Networks 1 and 2 of the 10 samples
using the modified route structure analysis is presented in
Fig. 7. It shows the depth and connectivity of nodes with
line thickness and color depth, respectively. The results are
listed in Table 4.

4.1. Configurational indicators of network 1

The depth curve (Fig. 8(a)) shows that sample A has the
greatest depth, followed by samples E; and E,. Located in
the middle of the curve, sample B has a depth of approxi-
mately 2.0, similar to that of samples C; and C,. Type-D and
-F samples have low depths, and the depth values of
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Sample A

Sample Cy

Sample D

Sample E;

Sample Fy

m  Streets as the Boundary of Superblocks Rivers
——— Streets inside the Superblocks
=+ Main Streets outside the Superblocks
Branch Streets outside the Superblocks

Green Spaces
—  City Walls

Fig. 7

Sample C

Sample D,

Sample E,

Sample F,

2 3 4

Depth ——

c wiy 12 34 57 815

Graphic rendition of the street networks of the sample superblocks using the modified route structure analysis, with node

depth distinguished by line thickness and connectivity distinguished by color depth. For each sample, Network 1 is on the left, and

Network 2 is on the right.

superblocks of the same type vary considerably. The con-
nectivity curve (Fig. 8(b)) reveals that the street network of
sample B has a higher level of connectivity (>5.0) than the
other samples. Type C samples are the second highest in
terms of connectivity, followed by the samples of Types A,
E, F, and D4, which have similar and moderate connectivity

values (3.00—3.50). The lowest connectivity is found in
sample D,. As shown by the complexity curve in Fig. 8(c),
sample B has the highest complexity, followed by the
samples of Types E, C, and A in sequence. Similar to the
connectivity curve, the lowest complexity is found in
sample D, and the second lowest in sample F;. The
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Table 4 Results of the analysis of Networks 1 and 2.

Sample ID  Network 1

Network 2

Number of nodes Depth Connectivity Complexity Number of nodes Depth Connectivity Complexity
A 50 2.68 3.20 0.50 57 2.72 3.37 0.51
B 21 2.10 5.05 0.67 27 2.15 4.52 0.59
(o 15 1.93 3.87 0.53 28 2.50 4.00 0.54
C, 17 2.00 3.76 0.53 36 2.44 3.56 0.50
D4 10 1.60 3.00 0.40 28 2.39 3.00 0.46
D, 5 1.20 2.00 0.20 13 1.77 2.46 0.23
E, 17 2.29 3.18 0.59 37 2.95 3.38 0.49
E, 18 2.33 3.44 0.56 26 2.65 3.58 0.54
F, 7 1.43 3.43 0.29 7 1.43 3.43 0.29
F, 10 1.70 3.40 0.40 20 2.05 3.50 0.45

complexity of samples D; and F, is higher than that of
samples D, and F4 but is still below the average of all the
samples.

Through the combination of depth, connectivity, and
complexity, the configurational sustainability of the street
network of superblocks can be evaluated. This evaluation
only indicates the samples’ relative level of sustainability
and is not intended to propose absolute index values for
defining and judging sustainability. Sample B shows the
highest complexity and connectivity, with moderate
depth. Thus, it perfectly matches the criteria for a sus-
tainable street network determined from the literature
review. The samples of Type C, which is the most common
type in the old city of Nanjing, have medium to high
complexity and connectivity, and its sustainability comes
second only to Type B. The samples of Types A and E have
excessive depth and insufficient connectivity problems
that frequently lead to weak connections between the
boundary streets and local places inside the superblock.
The samples of Types D and F show different performance
in sustainability among themselves because of the differ-
ence in the format positioning of the two Type-F super-
blocks and in the layouts of the original work units that
immensely affect the current conditions of Type-D super-
blocks. All of their indicators are relatively low; therefore,
their street network is unlikely to be sustainable. The
ranking of configurational sustainability based on the re-
sults of Network 1 from high to low is: Types B, C, E, A, F
(commercial > residential), and D.

4.2. From network 1 to network 2

After adding semipublic roads, all the samples except A, B,
and F, show a sharp increase in depth, as shown in Fig. 9(a).
The peak value of depth changes from sample A in Network
1 to samples of Type E in Network 2, which have undergone
a substantial increase. Significant increases also occur in
the samples of Types C, D, and F,, and their depths
approach or exceed that of sample B, which remains un-
changed from Network 1 to Network 2. The lowest depth
value is found in sample F; rather than sample D, in
Network 1. As shown in Fig. 9(b), although a decrease is
found in samples B and C; and no change in samples D; and
F1, the remaining six samples show high connectivity from

Network 1 to Network 2. The gap among samples narrows
after adding semipublic streets, especially with the signif-
icant changes in the highest and lowest peaks of samples B
and D,. Fig. 9(c) shows the ups and downs in the complexity
of the 10 samples, and the decline is greater than the in-
crease. The complexity of samples B and E;, the two with
the highest complexity in Network 1, is substantially
reduced. By contrast, the complexity of Type-D and -F
samples, which is in the lower range in Network 1, has
improved except for sample F;. The Type A and C samples
with medium complexity in Network 1 have undergone
slight changes. Similar to the changes in connectivity, the
gap in complexity is reduced.

Combined with the three indicators, the 10 superblock
samples except for those of Type A and the residential su-
perblock of Type F have significantly changed from Network
1 to Network 2. Focusing on connectivity and complexity,
the two indicators that play decisive roles in sustainability,
we find that the Type-B sample is the only one of all the
types with significant declines in the two indicators, but it
is still the most sustainable sample among the 10. In Type-A
and -D superblocks and the commercial superblock of Type
F, at least one of the two indicators has improved and
neither has declined. The two samples of Type C show
opposite index changes but keep within a small range. In
the two samples of Type E, the connectivity and
complexity, which are relatively low and high in Network 1,
respectively, show reverse changes with the former
increased and the latter decreased. The changes in sus-
tainability of the 10 samples from Network 1 to Network 2
are as follows: a decrease in the Type-B sample, an in-
crease in the Type-A and -D samples and the commercial
sample of Type F, no change in the residential sample of
Type F, and undetermined changes in Type-C and -E sam-
ples. The gap in sustainable performance among all the
samples is narrowed by adding semipublic streets.

5. Discussion

The results of the modified route structure analysis indicate
that the street network configurations of different types of
superblocks immensely vary in the sustainability they pro-
vide, and the types of street network from “The Capital
Plan” and from the regeneration of the traditional street-
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for the 10 samples.

and-lane system have the highest and second highest sus-
tainability. The addition of semipublic streets has different
impacts on the street network configuration and sustain-
ability of each sample; the sustainability of the samples,
which are at the bottom in Network 1, have been improved,
and the gap among all the samples has been reduced.

The results allow for a preliminary discussion of the
relationship between configuration and performance of
the street networks of China’s superblocks. The street
network of the Type-B superblock with the best

2

(a) Depth of Network 1 for the 10 samples. (b) Connectivity of Network 1 for the 10 samples. (c) Complexity of Network 1

sustainability is formed by the combination of fine
orthogonal grids and multiple sets of radiations, which
maintains the high-connectivity advantage of the fine-
grained grid (Jacobs, 1961; Montgomery, 1998) and avoids
its main drawbacks, such as monotony and repetition
(Gehl, 2010). However, this type of street network has
limitations, such as it generates a large number of plots
with a triangular shape may that may reduce the plots’
adaptability to different functions. The large number of
streets with low depth and high connectivity within the
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superblock leads to high accessibility and many pedestrian
flows, which is a mismatch with the residential-based
functional positioning of the Type-B superblock. Thus,
these streets are mostly lined with walls and railings to
ensure privacy and security for the residential plots. The
street network of Type-C superblocks with the second
highest sustainability is based on that of the Type-A su-
perblock. It presents a typical “characteristic structure”
(Marshall, 2004) with a majority of T-shaped intersections,
some cross intersections, and few cul-de-sacs compared
with the large number of cul-de-sacs in the street network
of the Type-A superblock. The Type-E and -F (residential)
superblocks built in the early and mature stages of new

D, E, E, F, F,

(a) Depth of Networks 1 and 2 for the 10 samples. (b) Connectivity of Networks 1 and 2 for the 10 samples. (c) Complexity

town planning, respectively, reflect two typical patterns
of residential superblocks in Chinese cities. The former
presents multiple arcs connected with each other at
different depths that provides various street places but
has the problem of excessive depth, which may lead to
poor accessibility and introversion of some local places.
The latter adopts orthogonal grids with low street density
(6.67 km/km?). Thus, its depth, connectivity, and
complexity are relatively low, resulting in monotonous
street functions, low vitality, and strong dependence on
motor vehicles. The street network of Type-D superblocks
is characterized by fragmented, broken, and cul-de-sac
systems that severely restrict sustainability.
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A key finding is that the degree of the index change from
Network 1 to Network 2 varies from type to type, which is
extremely likely related to two main factors: first, the
demand of the owners and users of the land and the adja-
cent land and second, the rigidity and clarity of the plan-
ning and control. The first question to consider is whether
the public micronetwork delimited by legal planning fully
caters to citizens’ demands for transit, housing, and
everyday activities. For example, the historical superblocks
(e.g., sample A) are dominated by small plots consisting of
private houses, and the laneways and entry roads are
included within the scope of the planned road land, which
has met the needs of residents. The commercial super-
blocks (e.g., sample F;) in the new city can be contrary
examples. Adding semipublic passages within the plot
contributes to enhancing the land’s market value and
consumers’ shopping experience because of the large plot
size and the low proportion of the length of street walls,
which have high commercial value, to the plot area. China’s
urban planning and control system came of age in the late
1990s (Liang and Sun, 2007), and before that, extensive
planning and control allowed the bottom-up forces to boom
over time. Therefore, phenomena, such as using adjacent
plots for entry and opening stores in residential areas, are
common in the superblocks of Types B, C, D, and E,
resulting in significant changes in the index values from
Network 1 to Network 2.

Another interesting finding of this study is that the dif-
ferences in connectivity and complexity among all the
samples are reduced from Network 1 to Network 2.
Combining the principle of a city as a “self-organizing
complex adaptive system”, the above trend may reveal a
rule that with full flexibility in planning and control, the
bottom-up forces will push planned street networks of
various types in the same direction, thereby catering to
local citizens’ joint needs on travel, living, and communi-
cation. However, in addition to the factors of demand and
control, the bottom-up effects are immensely limited by
the built environment, thereby highlighting the purpose of
this study to find a type of street network with high sus-
tainability by representing and quantifying its configura-
tion. Taking the reduced gaps and various degrees of
change together, the results have implications for collab-
orative planning and control: the main structure of the
street network should be carefully planned and rigidly
controlled to form a framework with great potential for
sustainable development; the secondary structure should
be elastically controlled, allowing and guiding the bottom-
up renewal within a reasonable scope of scale and
hierarchy.

6. Conclusion

An ideal street network for China’s superblocks is closely
interwoven with the macro-scale street network and con-
tributes to promoting the sustainable development of
transportation, economy, and society. On the basis of the
theory of Alexander, Jacobs, Hillier, etc. and Marshall’s
route structure analysis, this study established a repre-
sentation method for the street network configuration of
China’s superblocks. It then explores the configurational

characteristics and sustainability of street networks of
different types and degrees of public accessibility using this
method.

Our findings indicate that Marshall’s route structure
analysis is not fully operable in or applicable to this study.
This study proposes modifications to the aspects of node
construction and indicator system and establishes an
index system with depth, connectivity, and complexity.
On the basis of 10 superblock samples of six types, this
work shows that the types of street network from "“The
Capital Plan” and the regeneration of the traditional
street-and-lane system have high connectivity and
complexity and great sustainability. The results with
semipublic streets included show that bottom-up forces
tend to make the planned street networks of various types
evolve in the same direction. This study preliminarily
discusses the relationship between street network
configuration and sustainability and proposes two models
with great sustainability: the combination of fine orthog-
onal grids and multiple sets of radiations and the “char-
acteristic structure” with a majority of T-shaped
intersections, some cross intersections, and a few cul-de-
sacs. The results suggest a need for collaborative planning
and control.

The significance of this study is threefold: (1) Route
structure analysis is applied to the study of the street
network of China’s superblocks, with the method’s appli-
cability discussed and modifications proposed and applied
in case studies, thereby advancing the application-
oriented development of configuration theory in China.
(2) With a complete representation method established,
the configurational characteristics of the street networks
of China’s superblocks can be measured and compared
quantitatively and their sustainable performance can be
evaluated. This innovative method enriches the tech-
niques of configuration study. (3) This study has cognitive
and practical significance for the planning and design of
Chinese cities. The finding challenges the consensus of
researchers and practitioners in China that the complex
and somewhat run-down street system in the old city
should be abandoned and the "small block and dense
network” is the only sustainable model (Wang et al., 2015;
Bian, 2010). The results of this study inspire us to open up
new methods for planning street networks to carry for-
ward the model rooted in Chinese history rather than
copying the Western model. This time-tested model is
probably the solution to maintaining differentiated and
hierarchical urban spaces and intimate and safe neigh-
borhood life while adapting to the dynamic demands of
rapid, dense, and cross-regional connections in the new
era.
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