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Abstract: Living convenience in public service facilities has attracted significant attention as a
crucial indicator of urban development and quality improvement. However, the performance of
plot patterns—a fundamental unit for precise control when measuring urban quality—influencing
living convenience requires in-depth exploration. This study integrates multiple urban datasets with
quantitative urban morphology methods to investigate the impact of various plot pattern features
on living convenience. Specifically, we investigate the Inner Ring area of Shanghai as an empirical
case. The assessment considers the diverse effects of facilities at different distances, accounting for
the life radiuses of both older individuals and the general population. Additionally, the analysis
of plot patterns includes planar and three-dimensional aspects, controlling key variables such as
road network accessibility and centrality. The results indicate that, for small-scale plots, shape has
a strong impact, while, for large-scale plots, the division and construction intensity within a block
has a stronger influence. Furthermore, plots of different area types have different recommended
construction intensities. Notably, for large-scale blocks, it is advisable to maintain a building density
of around 0.3. In short, this study contributes to human-centered planning by providing targeted
recommendations to address the existing deficiencies in plot morphology regulation and control from
the perspective of quantitative urban morphology.

Keywords: living convenience; plot pattern; public service facilities; quantitative urban morphology;
multi-source urban data

1. Introduction

As the urbanization process continues to advance, the focus of new urban construction
has shifted from “building cities” to “managing cities”, placing increasing emphasis on
creating human-oriented built environments [1]. In this context, the efficient enhancement
of urban space quality has become a key task in the development stages of cities. Various
regions have put forward related measures dedicated to improving residents’ daily conve-
nience, striving for high-quality urban development. The “Shanghai Urban Master Plan
(2017–2035)” first proposed the pursuit of a more comfortable, convenient, and livable liv-
ing environment, stating that improving the quality of urban life is an important means of
enhancing global competitiveness. The convenience of daily life, as an important indicator
of the fifteen-minute living circle and the quality of the built environment, can effectively
reflect the interactive relationship between residents’ living space units and actual life [2–4],
garnering increasing attention during the urbanization transformation process.

Plots serve as the spatial carriers of residents’ lives, and their rational planning and
design can optimize the utilization of urban space by creating more livable, business-
friendly, and industrially suitable environments. Efficient plot management and delineation
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play pivotal roles in urban planning, land-use regulation, and infrastructure development.
By strategically dividing land into manageable plots, authorities can optimize resource
allocation, promote sustainable urban growth, and enhance the overall livability of urban
areas [5,6]. Using plots as the basic operational unit allows for a rational spatial form
division based on a human-centric perspective and the transmission and implementation
of related morphological criteria [7], thereby achieving improvement and optimization
of the quality of built spaces. Based on this, exploring the performance of plot patterns
is essential, as it directly influences how urban spaces can be utilized most effectively to
benefit residents’ daily lives.

In recent years, with the emergence of new technologies and data, urban morphology
research has shifted from subjective, experiential single-factor analysis to quantitative,
objective multi-factor analysis [8,9]. The rise of quantitative urban morphology promotes
the derivation and popularization of quantitative analysis tools, helping to analyze spatial
performance into multiple quantifiable dimensions, thus constructing a refined measure-
ment framework for the performance analysis of morphological features. Represented by
plot forms, urban spatial forms can influence people’s travel behavior and spatial expe-
rience, thereby affecting their perception of public service facilities in daily life. Living
convenience is based on people’s community usage needs and actual experiences, reflect-
ing the spatial distribution and utilization of various public service facilities in the built
environment. Living convenience is one of the key indicators for evaluating the perfor-
mance of the built environment’s morphology. Current research on convenience mainly
focuses on the detailed measurement of public service facilities within the living circle,
with limited research on the mutual relationship between specific morphological features
guided by plot divisions and convenience. By considering and leveraging the development
of quantitative urban morphology, we can, on the one hand, measure convenience in a
more detailed way and, on the other hand, extract morphological features more accurately,
providing new possibilities for analyzing the relationship between plot morphology and
living convenience.

In the pursuit of enhancing urban living through plot patterns, the objective of this
study is to explore the performance of plot patterns in influencing living convenience.
Specifically, the research focuses on addressing the following questions: Firstly, we seek to
measure two unmeasurable perceptions, plot morphology and living convenience, using
quantitative analysis techniques. Secondly, we aim to identify specific plot morphological
features that are most conducive to enhancing living convenience. Finally, based on our
findings, we provide construction guidelines and controlling recommendations tailored to
different types of plots.

The remaining sections of this article are organized as follows: Section 2 reviews the
current developments in quantitative urban morphology, discussing the advancements
and limitations in quantifying plot patterns and living convenience, as well as the gaps our
study seeks to fill. Section 3 details our research scope, design, and methodology. Section 4
presents our results, including the results of the measurements of living convenience and
the association between plot patterns and living convenience. Section 5 discusses these
results and future research directions. Finally, Section 6 presents the conclusions and
highlights their significance.

2. Literature Review: Related Studies and Current Gaps
2.1. Quantitative Urban Morphology for Plot Performance Analysis

Compared with traditional studies that relied heavily on manual analysis and ex-
periential interpretations, recent advancements in quantitative urban morphology have
revolutionized the analysis of urban spatial elements. There are three primary research
focuses: identifying elements of urban form, analyzing the performance of urban morphol-
ogy, and examining the evolutionary processes of morphological elements [10]. Researchers
have employed quantitative urban morphology to analyze spatial elements such as street
networks, block units, building forms, and development intensity [11–13]. Quantitative
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methods such as Space Syntax [14] and the Spacematrix [15] have facilitated the analysis of
urban features across multiple spatial scales, laying a solid foundation for systematic urban
design and planning.

Since the late nineteenth century, plots have been considered a crucial component
of urban morphology, and quantitative analysis from this perspective helps uncover the
spatial structure and organizational patterns within a city [16]. Currently, research has
achieved quantitative analysis of various aspects of plot morphology through a series
of indicator measurements, including temporal and spatial evolution characteristics [17],
morphological types [18], and scale levels [19]. Quantitative studies focusing on plots are
transitioning from the “morphological evolution” of plot morphology to the analysis of
“morphological types”. The analysis methods of quantitative urban morphology provide
new opportunities for more accurate analysis of plot morphology.

Simultaneously, plots facilitate the transmission and implementation of morphological
criteria [20], promoting a deeper understanding of the city’s internal spatial dynamics and
contributing to the effective enforcement of design principles. The development of urban
morphology is influenced by differentiated era backgrounds and control mechanisms.
China’s plot morphology has transformed from the subdivided traditional period to the
merged modernist period [21]. Guided by the awareness of property rights in traditional
society, plots formed small-scale, multi-subject spatial patterns through subdivided au-
tonomous renewal models [22,23]. In contemporary urban development and planning
control, detailed construction planning fulfills spatial development requirements through
plot consolidation. Kropf explored the concept of plots from multiple dimensions [24].
Based on the close connection with different control contents, plots are interpreted in terms
of urban morphology, land property rights, and planning control.

2.2. Multi-Source Data for Measuring Living Convenience

The concept of living convenience in public service facilities revolves around the
adaptability of planning facilities to the residents’ living, working, and leisure needs. At
the macro-scale, studies have delved into the rationality of urban spatial layout, with a
focus on aspects such as the job–housing balance and dynamics, emphasizing the geo-
graphical and functional alignment between living and working spaces [25,26]. At the
micro-scale, research has focused on the utilization of community public facilities, residents’
satisfaction [27], accessibility [28], and the contact level with different facilities [29,30].

Hence, living convenience represents a subjective perception of quality of life rooted in
individuals’ experiences. Traditional methods of measuring living convenience, primarily
through surveys and observational studies, have been limited by their scale and infrequency
of data updating. Advancements in technology have introduced a variety of new data
sources, such as location-based services (LBSs), point-of-interest (PoI) data, and street view
imagery. The use of various types of new data can more comprehensively characterize
the performance and perception of spatial backgrounds, making it possible to measure
subjective feelings at a human scale that were previously difficult to quantify [31,32]. Zhang
et al. [33] utilized PoI data and segmentation methods to address individuals’ perceptions
of living convenience across different cognitive scales. Zhong et al. [34] employed PoI
data and distance decay functions to measure living convenience at the scale of individual
buildings. These innovative approaches highlight the potential of multi-source data in
refining our understanding of living convenience and its nuanced interactions within
urban environments.

2.3. Research Gaps and Our Study

These advancements provide new support for the extraction and interpretation of
urban morphology features and offer a more comprehensive analysis perspective for
the performance analysis of urban morphology. Some studies have used theories and
techniques from quantitative urban morphology to conduct in-depth analyses of plot
morphology performance [35,36]. However, there are few relevant studies that have
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evaluated the performance of plot patterns from the perspective of living convenience. Our
study aims to bridge this gap by integrating quantitative measurement methods with multi-
source urban data to analyze the performance of urban spatial forms on a human-centric
scale. This approach is expected to provide targeted recommendations to improve plot
morphology regulation and control, thus contributing to human-centered urban planning
and enhancing the overall quality of urban life.

3. Materials and Methods
3.1. Research Scope
3.1.1. Analysis Units

In the field of urban morphology, the connotative attributes of “plot” mainly include
three dimensions: land-use control, property rights control, and street pattern control [24].
In different research contexts, the concept of “plot” often varies, due to the emphasis on
different attributes. Subject to the comprehensive regulation of practical factors such as
land development systems, urban development policies, planning regulations, and other
institutional aspects [37], the generation and change mechanisms of property rights plots
are more closely aligned with the continuously evolving situation of an area. Therefore, in
this study, we mainly focus on the attributes of property rights and street patterns that are
more closely related to quantifiable urban morphology.

This study involves two types of plot analysis units, namely parcels and blocks
(Figure 1). Parcels are the smallest units, generated by ownership boundary demarcation
in cadastral records, which are primarily aimed at defining property rights. At this scale,
research indicators mainly focus on analyzing the inherent characteristics of unit parcels.
Blocks refer to the basic units formed by public streets and play a role in influencing street
patterns, containing one or more unit parcels internally. At this scale, attention should be
paid not only to the morphological characteristics of blocks but also to the relationships
between internal unit parcels.
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3.1.2. Study Area

The area within the Inner Ring Road in Shanghai, encompassing the region inside the
Shanghai Inner Ring Elevated Road, has evolved through multiple historical stages and
changes in construction goals. It has developed into a stable and well-established urban
core, encompassing different forms of plots representing each period. Therefore, this study
selected the Inner Ring of Shanghai as the research focus, which serves as a representative
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and rich area for the research scope, facilitating the provision of recommendations for the
construction of different types of parcels and blocks (Figure 1).

3.2. Research Framework

To analyze the correlation effects between plot morphology and living convenience,
this study employed a research framework. On the one hand, it utilized the analytic
hierarchy process (AHP) to quantitatively measure living convenience in terms of the
relative number and diversity of facilities within the walking range [38]. On the other
hand, key elements from classical urban morphology theory [39] were incorporated as
control variables. These include spatial factors that are deemed to significantly influence
living convenience in existing research [33,40], yet exhibit weaker correlations with plot
patterns, such as street network accessibility and the relative spatial relationships between
each parcel, block, and the center of Shanghai. Building upon this foundation, this study
focused specifically on the morphological features related to plot division. This involved
using quantitative measurement methods for planar geometric features of the plots [41]
and analyzing three-dimensional building organizational patterns [42,43] as factors for
plot morphological elements. The measurement was conducted on two analysis units:
parcels and blocks, to assess both the two-dimensional and three-dimensional form of plots.
Subsequently, the analysis examined the spatial distribution of living convenience and
plot morphological features within the research area. This involved utilizing multivariate
regression analysis and cluster analysis to identify significant influences of plot morpholog-
ical elements, and then exploring the trends of these factors’ influence across different types
through explanatory analysis. Finally, based on the analysis results, recommendations and
strategies for optimizing plot morphology were proposed.

The specific research steps included the following five main stages: data collection,
measurement of control variables, measurement of living convenience, measurement of plot
morphological features, and analysis and discussion (Figure 2). Throughout the process,
data required for analysis were collected from various sources, including built environment
data (road data, building data, and plot boundary data), point-of-interest (PoI) data, and
population density data [44].

3.3. Measurement of Control Variables
3.3.1. Street Network Accessibility

Street network accessibility includes pedestrian accessibility and community acces-
sibility, both of which are measured using Space Syntax. The choice (betweenness) is
calculated using the following equation [45]:

Cb(Pi) = ∑n
j=1

n

∑
k=1

gjk(pi)

gjk
(j < k) (1)

where gjk(pi) is the number of geodesics between nodes pj and pk that contain node pi, and
gjk is the number of all geodesics between pj and pk.

The analysis radii were set at 800 m (for pedestrian scale) and 9500 m (for community
scale). Studies have shown that an 800 m walking radius is suitable for reflecting pedestrian
accessibility in daily life, while 9500 m is based on typical commuting distances obtained
from surveys conducted in Shanghai [46].
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3.3.2. Centrality

An urban center serves as the nucleus of urban development, concentrating essential
urban service functions and exerting significant cohesive influence [47]. The impact of an
urban center on adjacent plots varies depending on the intensity of development. In this
study, ArcMap 10.7 tools were employed to conduct distance analysis between the centroids
of plots and the urban center. This analysis evaluated the degree of influence radiating
from the urban center to each plot in response to varying levels of development intensity.

3.4. Measurement of Living Convenience

To address the need for a fine-grained and human-centric calculation of living con-
venience, it is necessary to quantify “unmeasurable” indicators into measurable index
relationships. By expanding on the analysis framework previously proposed by our
team [34], the deconstruction of the concept of living convenience reveals its correlation
with the weighting, relative quantity, and diversity of public and commercial service
facilities accessible within a certain travel radius from each building [48] (Figure 3).
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Firstly, regarding the weighting (Wj) of various facilities (Figure 3a), by referring to
standards such as “DGTJ08-55-2019” [49], relevant analyses were employed to categorize
facilities into nine major classes, totaling 22 subcategories. Then, the AHP was employed,
whereby experts evaluated the importance of pairwise comparisons of basic facilities, and
the weights of each type were calculated.

Secondly, for the relative number of accessible facilities (Nij), this study considered
both aging decay and network decay (Figure 3b). On the one hand, considering that the
daily travel radius of older people is relatively short, an aging decay index for each building
was calculated based on the proportion of the elderly population in the age distribution
data. The aging decay index represents the impact of a shorter daily travel radius on
the population aged 60 and above, which is 30–60% of the regular travel radius. On the
other hand, by introducing effective service radius and Gaussian distance decay functions,
the actual resistance of geographical space was more comprehensively evaluated, thereby
improving the accuracy of measuring facility accessibility.

The calculation of the relative number of accessible facilities is defined as follows:

Ni = Oi × ∑n
j=1 Wj × Gauss

(
Distij

)
(2)

Gauss(x) =

{
e
−x2

2c2 0 ≤ x ≤ r;
0 otherwise.

(3)

c2 =
r2

2ln(2)
(4)
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where Nij represents the relative number of PoIs for building i, Oi represents the aging
decay index for building i, Wj represents the weight of facility type j, Gauss(x) is the distance
decay curve function, c is the adjustment factor, and Distij indicates the distance (m) from
building i to facility point j along the network.

Thirdly, to represent the richness of facility types within the daily accessible area, the
PoI diversity (Vi) was measured based on the Shannon–Wiener index (Figure 3c). The
calculation formula of the PoI diversity is expressed as follows:

Vi = −∑n
j=1 pjln

(
pj

)
(5)

where n is the number of facility types within the daily accessible area of building i, and pj
indicates the proportion of facility type j in building i relative to all facility points within
the daily accessible area.

Through spatial linkage tools in ArcGIS, the analysis results were transformed from
buildings as analysis units to plots as analysis units, supporting subsequent morphological
analyses. The calculation of living convenience is based on the following formula:

LCk =
∑n

i=1 Ni × Vi × Ai

∑n
i=1 Ai

(6)

where LCk represents the living convenience of the target plot k (a parcel or a block), n
represents the total number of buildings in plot k, and Ai represents the gross floor area
(m2) of building i.

3.5. Measurement of Plot Morphological Features

Plot morphology is determined not only by its planar shape but also the pattern of
plot division, architectural form, and spatial layout within a plot [50]. In order to achieve a
comprehensive and precise analysis of plot morphological features, this study integrated
existing research outcomes [51,52] and measured plot morphology from the following
two aspects: 1. Emphasis was placed on describing the geometric properties of the plots,
utilizing classical morphological indicators such as area, quantity, and shape attributes
(density, shape index, etc.) to depict the two-dimensional planar features of the plots. 2. By
quantifying architectural characteristics such as building density and floor area ratio within
the plots, an assessment of the organizational pattern of buildings in three-dimensional
space was achieved.

3.5.1. Two-Dimensional Planar Features
1⃝ Size and shape: The size and shape of plots, as fundamental attributes describing

their geometric shapes, are key features for intuitively understanding plot morphology.
Simultaneously, size and shape play an important role in influencing the comprehensive
division and organization of plots [50,53]. This dimension comprises six indicators: area
(A), number of parcels (N), standard deviation of parcel areas (A_SD), length-to-width ratio
(R_LW), Schumm shape index (SSI), and landscape shape index (LSI).

The first three indicators focus on describing the size of the plots. Specifically, area (A)
represents the typical size characteristics of parcels and blocks, while the standard deviation
of parcel areas (A_SD) reflects the diversity of parcel sizes within a block. The latter three
indicators focus on measuring the shape of plots. The length-to-width ratio (R_LW) is used
to describe the rectangularity of the bounding rectangle of the parcel shape. The Schumm
shape index (SSI) is a metric for measuring the compactness of the shape, with higher
values indicating a closer approximation to circular or square shapes [51]. The landscape
shape index (LSI) measures the complexity of shapes by comparing the deviation between
the shape of a plot and a square of equal area, as shown in the following expressions:

A_SD =

√
1
N∑N

i=1(Ai − A_M) (7)
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R_LWi =
Wi

Li
(8)

SSLi = 2

√√√√ Ai

π(W 2
i + L2

i

) (9)

LSI =
0.25Pi√

Ai
(10)

where A represents the gross area (m2) of plot I, A_M represents the average area (m2) of
parcels in the block, N represents the number of parcels within the block, Wi represents the
short side length (m) of the bounding rectangle, Li represents the long side length (m) of
the bounding rectangle, and Pi represents the perimeter (m) of the plot.

2⃝ Centroid: The location of the centroid of plots within a block affects the distribution
and concentration of plots, contributing to changes in the spatial layout and functional
allocation within the block, thereby influencing the overall layout and organizational
form [54]. This dimension in the study comprises two indicators, the centroid distance
(CenD) and the standard deviation of centroid distance (CenD_SD), representing the degree
of deviation of individual plots from the overall block and the degree of deviation variation,
respectively, as follows:

CenDM =
∑N

i=1 CenDi

N
(11)

CenDSD =

√
1
N∑N

i=1(CenDi − CenDM) (12)

where CenDi represents the distance (m) between the centroid of plot i and the centroid
of the block it belongs to, and CenDM represents the average distance (m) of the centroid
within the block.

3⃝ Boundary: Plots mutually define and constrain each other, and their spatial mor-
phology is influenced by the adjacent spatial forms. The boundary reveals the edge features
surrounding the plots, and when the interface is a street-facing boundary, it often possesses
a higher economic value. In this study, the boundary includes two indicators: the street-
facing perimeter proportion (SPP) and the total street perimeter proportion (TSP) [55],
which, respectively, assess the coverage of street-facing boundaries for parcels and blocks,
as follows:

SPP =
SFi

Per
(13)

TSP =
Per

∑N
i=1 Pi

(14)

where SFi represents the gross length of the street-facing boundary (m) of parcel i, Per
represents the perimeter (m) of the block, and Pi represents the perimeter (m) of parcel i.

4⃝ Orientation: The orientation of a plot determines the orientation of the buildings. By
determining the orientation of the plot rationally, it is possible to optimize natural lighting
and ventilation conditions within the building to the greatest extent, thereby improving the
comfort of interior spaces [56,57]. Through the measurement of orientation, this indicator
describes the deviation of the orientation from the due south direction.

3.5.2. Three-Dimensional Architectural Features

The analysis of architectural features was conducted using Spacematrix [58]. This
method works as a classification presenting both building density and various building
types at the same time, which facilitates the quantitative comparison of urban textures
across diverse regions. Spacematrix uses the floor space index (FSI) and ground space index
(GSI) to classify plots into nine types, ranging from low-rise to multi-rise and high-rise, and
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from point-type to street-type and block-type [42]. The calculation of these two essential
measurements is as follows:

FSIi =
Fi

Ai
(15)

GSIi =
Bi

Ai
(16)

where Fi represents the gross floor area (m2) within the analysis plot i, Bi represents the
gross building footprint (m2) within the analysis plot i, and Ai represents the gross area of
plot i (m2).

4. Results
4.1. Living Convenience

As shown in Figure 4, after completing the assessment for each building, spatial
analysis techniques were utilized. Specifically, within the Inner Ring of Shanghai, the
overall living convenience in the west areas of the Huangpu River surpasses that in the east
areas, especially around People’s Square, Fuxing Middle Road, and the Tongji University
area. In contrast, the areas with high living convenience east of the Huangpu River are
mainly concentrated around Century Avenue.
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Upon comparing the factors influencing living convenience, the quantity of accessible
facilities remains the primary determinant. Facility diversity exhibits a lower level around
People’s Square but a higher value in the surrounding areas, with the average level east of
the Huangpu River surpassing that of the west, contrasting with the overall scenario.
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4.2. Correlation Analysis

We utilized multiple regression analysis to identify plot morphological features that
exhibit significant correlations, rather than deriving a model predicting living convenience
using morphological indicators. Our primary focus was on the standardized coefficients of
each indicator, rather than the overall R-squared value of the model.

During the preliminary test for regression, data in which living convenience within
the analysis units was zero were cleaned. The original distribution of both control and inde-
pendent variables was examined using histograms in IBM SPSS Statistics 27 Additionally,
Pearson’s correlation and multicollinearity analyses were conducted to assess the model’s
reliability, allowing us to disregard the influence of multicollinearity.

Ultimately, Model 1 (parcel scale) and Model 2 (block scale) incorporated 15,042 and
2059 cases, respectively. The results of the regression models are presented in Table 1, illus-
trating the relationship between living convenience and each plot’s morphological feature.

Table 1. Multiple regression analysis.

Model 1—Parcels Model 2—Blocks

Indicators Standardized
Coefficient Indicators Standardized

Coefficient

Control variables
BtA800 0.162 *** 1 BtA800 0.219 ***
BtA9500 0.242 *** BtA9500 0.260 ***

Centrality −0.401 *** Centrality −0.437 ***

Two-dimensional
planar features

Area (A) −0.031 *** Area (A) 0.003
Number of parcels (N) 0.088 ***

Standard deviation of parcel
areas (Area_SD) −0.009

Length-to-width ratio (R_LW) 0.019 ** Length-to-width ratio (R_LW) 0.011
Schumm shape index (SSI) 0.030 ** Schumm shape index (SSI) −0.076 ***

Landscape shape index (LSI) −0.007 Landscape shape index (LSI) −0.141 ***

Centroid distance (CenD) −0.010 Standard deviation of centroid
distance (CenD_SD) −0.018

Street-facing perimeter
proportion (SPP) −0.096 *** Total street perimeter

proportion (TSP) −0.032 *

Orientation (Orien) 0.033 *** Orientation (Orien) 0.022

Three-dimensional
architectural features

Floor space index (FSI) 0.079 *** Floor space index (FSI) 0.087 ***
Ground space index (GSI) −0.075 *** Ground space index (GSI) −0.023 *

1 * p < 0.1, ** p < 0.05, *** p < 0.01.

At the parcel scale, Model 1 shows that both the floor space index (FSI) and orientation
of the parcel (Orient) have noteworthy positive effects on living convenience. Conversely,
the area (A) and ground space index (GSI) exhibit a certain degree of adverse impact on
living convenience at this scale. Additionally, a moderate positive correlation is observed
in the length-to-width ratio (R_WL) and Schumm shape index (SSI).

Regarding Model 2, it reveals that at the block scale, the floor space index (FSI)
continues to have a significant positive influence on living convenience, alongside the
number of parcels (N) within the block. However, indicators associated with shape, the
landscape shape index (LSI), and Schumm shape index (SSI) demonstrate significant
negative effects on living convenience at this scale. Furthermore, the total street perimeter
proportion (TSP) and ground space index (GSI) also show a certain degree of correlation
with living convenience at this scale.

4.3. Exploratory Analysis
4.3.1. Parcel Level

Based on local management directives and clustering outcomes, parcel area was
selected as a criterion for further grouping analysis due to its representativeness. Parcels
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were categorized into three groups (labeled as small, medium, and large). Parcels in
the small group have an area between 0 and 1500 m2; these areas are primarily used for
standalone buildings with functions significantly different from the surrounding areas. The
medium group’s parcels range from 1500 to 5000 m2, consisting mostly of medium-sized
residential projects or mixed-use areas with commercial, educational, and medical facilities,
which are closer to facilities and offer certain advantages. Parcels in the large group exceed
5000 m2, typically comprising comprehensive communities, industrial parks, and other
large-scale projects.

A confidence interval analysis was then performed for these subgroups based on
varying living convenience values, and the average values of various indicators were
calculated for the small, medium, and high living convenience subgroups within each
“area” category. This study investigated how key indicators—street-facing perimeter
proportion (SPP), orientation (Orien), floor space index (FSI), and ground space index
(GSI)—vary within different area groupings as living convenience increases. Through this
analytical method, we could observe the morphological characteristics of parcels with
high living convenience under different area conditions and understand how these key
indicators need to be adjusted to improve living convenience.

As shown in Table 2, the street-facing perimeter proportion (SPP) exhibits slight
fluctuations across all area groupings with an increase in living convenience, generally
displaying an upward trend. Notably, orientation (Orien) significantly rises in the small
area group with increased living convenience, while changing minimally in medium and
large area groups, showing a relatively stable overall trend. The floor space index (FSI)
increases across all area groups with living convenience, with the rise being particularly
pronounced in the medium and large area groups. Similarly, the ground space index (GSI)
enhances across all area groups with increased living convenience, which is especially
notable in small and medium area groups.

The results indicate that, to adjust the indicators of the low-living convenience group
to the same level as the high-living convenience group, the following different adjustments
are required across area groups:

• In the small area group, orientation (Orien) is very important at this scale and needs
to be precisely controlled to improve convenience. Orientation needs to increase by
approximately 12.93%, with a recommendation to maintain it within a deviation of
no more than 60 degrees from true north or south. The suggested value for the floor
space index (FSI) is around 4.6, and the recommended value for the ground space
index (GSI) is relatively high, at about 0.6.

• In the medium area group, the floor space index (FSI) is particularly important. Parcels
with a higher FSI, especially those exceeding 5.1, are more likely to have a higher
living convenience. Additionally, parcels with more street-facing interfaces tend to
have higher living convenience in the medium area group.

• In the large area group, parcels with high living convenience further increase the
value of the floor space index (FSI) to a level of 5.9–6.5. Notably, the importance of the
ground space index (GSI) becomes prominent in large parcel groups, where controlling
it around 0.3 is likely to bring about higher living convenience.

These findings highlight the need for refined and differentiated adjustments of key
indicators to enhance living convenience in different area groupings. Particularly, the floor
space index (FSI) and ground space index (GSI) require significantly varied adjustments
across area groups.
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Table 2. Confidence interval analysis at parcel level.

Area Small Group: 0–1500 (m2) Medium Group: 1500–5000 (m2) Large Group: Over 5000 (m2)

Living Convenience Group Low Medium High Low Medium High Low Medium High

Street-facing perimeter
proportion (SPP)

Lower 0.22 0.21 0.22 0.27 0.27 0.30 0.41 0.37 0.40

Mean 0.23 0.22 0.23 0.28 0.28 0.31 0.43 0.38 0.41

Upper 0.24 0.23 0.24 0.30 0.29 0.32 0.44 0.39 0.42

Orientation (Orien)

Lower 101.37 109.57 115.03 97.94 102.41 108.02 94.46 94.75 104.09

Mean 103.91 112.03 117.35 100.40 104.83 110.38 96.86 97.24 106.46

Upper 106.45 114.49 119.67 102.85 107.26 112.73 99.25 99.72 108.84

Floor space index (FSI)

Lower 3.33 3.73 4.41 3.26 4.12 5.14 4.37 4.63 5.91

Mean 3.50 3.91 4.64 3.42 4.33 5.41 4.61 4.87 6.22

Upper 3.66 4.10 4.87 3.58 4.53 5.67 4.84 5.12 6.53

Ground space index
(GSI)

Lower 0.57 0.57 0.58 0.36 0.38 0.39 0.27 0.30 0.32

Mean 0.59 0.59 0.60 0.37 0.39 0.40 0.28 0.31 0.33

Upper 0.61 0.61 0.63 0.38 0.40 0.41 0.29 0.31 0.34

4.3.2. Block Level

Similarly, blocks are categorized based on area size into three groups: small, medium,
and large. Blocks in the small group have an area between 0 and 20,000 m2. Blocks of this
scale are mostly located in small blocks or dense road network areas, often clustered in
the city center area where the region has undergone more detailed planning. The medium
group’s blocks range from 20,000 to 50,000 m2. These blocks are mostly developed for
mixed uses, offering higher flexibility. Blocks in the large group exceed 50,000 m2; these
areas are possibly designated for future development or special functional areas.

The indicators considered for this analysis unit include the Schumm shape index
(SSI), landscape shape index (LSI), floor space index (FSI), and number of parcels (N). The
analysis results are presented in Table 3.

Table 3. Confidence interval analysis at block level.

Area Small Group: 0–20,000 (m2) Medium Group: 20,000–50,000 (m2) Large Group: Over 50,000 (m2)

Living Convenience Group Low Medium High Low Medium High Low Medium High

Number of parcels (N)

Lower 4.07 3.91 3.60 5.98 8.70 9.53 9.35 17.62 21.93

Mean 4.79 4.52 4.19 6.90 10.04 10.71 10.55 19.86 24.60

Upper 5.52 5.13 4.78 7.81 11.37 11.90 11.74 22.11 27.26

Schumm shape index
(SSI)

Lower 0.61 0.62 0.65 0.65 0.64 0.66 0.65 0.66 0.66

Mean 0.63 0.64 0.66 0.66 0.65 0.67 0.66 0.67 0.67

Upper 0.64 0.65 0.67 0.67 0.66 0.68 0.67 0.68 0.68

Landscape shape index
(LSI)

Lower 1.14 1.11 1.07 1.08 1.10 1.07 1.14 1.10 1.10

Mean 1.17 1.13 1.09 1.11 1.13 1.08 1.18 1.12 1.12

Upper 1.20 1.15 1.11 1.14 1.15 1.10 1.22 1.14 1.14

Floor space index (FSI)

Lower 4.73 6.02 8.88 4.69 5.10 6.17 4.55 4.33 5.08

Mean 5.29 6.73 10.05 5.26 5.58 6.65 4.95 4.70 5.47

Upper 5.85 7.44 11.23 5.83 6.06 7.12 5.35 5.07 5.86

Our analysis showed that the number of parcels (N) indicator exhibited significant
variability across different area groups: in medium and large area groups, the number of
parcels (N) significantly increased with improved living convenience; however, in small
area groups, the number of parcels (N) slightly decreased with an increase in living conve-
nience. For the Schumm shape index (SSI), the average values showed slight fluctuations
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across all area groups from small to large, with no clear trend. The landscape shape index
(LSI) exhibited a slight decrease in average values as living convenience improved in small
and medium area groups, while changes in the large area group were minimal. The floor
space index (FSI) increased with the enhancement of living convenience across all area
groups, with the most pronounced increase observed in the small area group, suggesting
that the floor space index (FSI) may be one of the most sensitive indicators of changes in
living convenience.

Further analysis focused on determining the extent of adjustment required in the
average values of indicators in the low-living-convenience group to reach the level of the
high-living-convenience group. The results are as follows:

• In the small area group, for small blocks, the impact of shape is quite evident. The
analysis results of the Schumm shape index (SSI) and landscape shape index (LSI)
show that blocks closer to a true rectangle often have higher living convenience.
Additionally, a high floor space index (FSI) is crucial for small-area blocks, as it often
leads to higher living convenience.

• In the medium area group, the importance of block division gradually increases, with
the number of parcels (N) needing to increase to around 10 to bring higher living
convenience. The recommended value for the floor space index (FSI) is around 6.5.

• In the large area group, the importance of detailed block division is further emphasized,
with the confidence interval for the number of parcels (N) ranging between 21 and 27.

These findings reveal that, to effectively enhance living convenience, differentiated
adjustments of the indicators are required across different area groupings. Particularly
noteworthy is the significant difference in the adjustment amounts required for the floor
space index (FSI) and the number of parcels (N) across different area groups, especially the
pronounced need for construction and development of blocks, as well as shape adjustments,
in the small area group. In contrast, there is a notably critical demand for an increase in the
number of parcels (N) in the large area group.

5. Discussion
5.1. Optional Strategy for Case Study Area

This study focuses on the developed plots within the Inner Ring of Shanghai’s central
urban area, which are characterized by a variety of plot types and varying degrees of
maturity. Therefore, discussing enhancement strategies based on this site is representative
of urban renewal. Two areas with potential for renewal were selected for elaboration. The
first is the area near the cruise terminal on the west bank of the Huangpu River, close to the
City God Temple, which represents the historical landscape of Shanghai. This block has
relatively low living convenience compared with surrounding areas. In the current urban
renewal process, there is a practice of merging smaller blocks into larger ones. However,
our research has found that different scales of plots should adopt different strategies. For
smaller blocks, it is also possible to increase their living convenience by adjusting the shape
and development intensity of the plot, rather than simply merging them.

The second potential area is the Lujiazui area, a rapidly developing commercial
complex in Shanghai. Due to the fast pace of early construction, the current block division
appears “crude”. Therefore, for larger-scale blocks, enhancements can be made via a more
detailed division of plots, matching different splitting strategies according to different areas;
in three dimensions, it is possible to increase the ground space index of a block or parcel to
enhance its living convenience. Such renewal methods can preserve the original texture of
the plots while promoting rational use of plots through refined management.

5.2. Strategy for Plot Division Based on the Correlation Effects between Plot Morphology and
Living Convenience

This research finds that the plot pattern elements of parcels and blocks are crucial to
living convenience. Overall, the area of a plot can serve as a basic indicator for identifying
plots, with different plot areas matching different control strategies. However, generally
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speaking, a compact layout can create a more convenient transportation network, short-
ening the distance between residents and necessary life facilities. This aligns with the
classic urban design theories of Jacobs [59] and Montgomery [60], where smaller blocks and
denser road networks, creating more compact urban layouts, are conducive to fostering
communities with higher living convenience.

For planner features of plot morphology, the analysis results show that smaller parcels
can often improve living convenience by controlling the orientation to be closer to the
north–south direction, thus controlling the layout of buildings within the plot. For blocks,
shape control is also more important for small-area blocks, facilitating blocks to be closer
to true rectangles. In current practice, there is less consideration for the control of plot
planar morphology, and there is a need to further strengthen this. For large-scale blocks,
the importance of the relationship between parcels and blocks becomes more pronounced.
It is evident that blocks with a higher number of parcels exhibit greater living convenience,
especially in blocks where the area is inherently larger. This might be because large-scale
blocks may be in undeveloped areas, so dividing can effectively improve the utilization of
the block.

For three-dimensional architectural features, to enhance living convenience, indica-
tors within different area groups require adjustments to varying degrees to suit different
development needs. Generally speaking, larger plot areas can support more intensive
development, having a significant positive impact on living convenience. An appropriate
floor space index (FSI) is a prerequisite for ensuring the mixed use of buildings and plots,
conducive to forming rich and diverse urban spaces that meet residents’ needs within a
certain living radius. Notably, the ground space index (GSI) is often considered a negative
factor that needs to be controlled in current regulations. However, this research shows that
it has a significant positive impact on improving living convenience for larger-scale parcels.
High building density and enclosed building forms can provide continuous street wall
space, which helps create more open urban interfaces and promotes the enhancement of
living convenience [61].

In summary, the elements of plot patterns in parcels and blocks play a pivotal role
in enhancing living convenience, highlighting the importance of strategic adjustments in
urban planning to cater to various area groups. Properly managing the division and the
floor space index (FSI) within these blocks can significantly contribute to creating urban
spaces that are not only efficient and functional but also conducive to a higher quality
of life.

5.3. Quantitative Urban Morphology: A Novel Analytical Approach for Quality Enhancement

Currently, the field of quantifying urban morphology is progressively shifting toward
an empirical and quantitative standpoint, driving the discovery and exploration of new
cognition. On the one hand, the emergence of new data and technologies has facilitated
the deepening of understanding of urban design theory. The application of these new
tools makes it possible to explore urban morphological features that were previously
difficult to observe, promoting the analysis of spatial form characteristics. On the other
hand, supported by multi-source data, quantitative analysis not only accurately measures
spatial morphological features but also further aids in discerning spatial non-material
performances. Consequently, this fosters new theoretical insights through correlating plot
morphology and spatial performance, thus heralding fresh opportunities for shaping and
elevating future urban quality.

5.4. Limitations and Future Steps

In this study, the measurement of living convenience primarily fails to consider vari-
ations in psychological factors among diverse groups due to data accuracy constraints.
Factors such as lifestyle among different demographics influence perceptions of living
convenience. Subsequent research steps should account for divergent demands for liv-
ing convenience among different demographics, achieved through integrating LBS user
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profile data and other methodologies for a more comprehensive assessment. Secondly,
one of the limitations of the present study lies in its insufficient exploration and inter-
pretation of plot control policies. The selection of plot morphology indicators could be
combined with the control policies of various regions to propose more practical strategies
and recommendations.

6. Conclusions

This study attempted to measure previously unmeasurable aspects of living conve-
nience and plot form performance by integrating quantitative urban morphology with
multi-source urban data. On the one hand, in measuring living convenience, we consid-
ered various factors such as the different weights of facility types, road network decay,
and age-related activity ranges. This helped us understand “what” influences people’s
satisfaction with and accessibility to facilities. On the other hand, analyzing the perfor-
mance of plot forms from the perspective of living convenience aided in understanding
the performance of spatial elements, including perceptions and behaviors. Therefore, this
analytical approach enhances precise urban analysis and supports the development of
15 min community life circles.

On a human-centric scale, this study highlights the critical importance of plot form
rather than the spatial distribution of facilities in enhancing living convenience. Moreover,
this study provides new insights into the extraction and interpretation of urban form
characteristics, thereby offering targeted recommendations not only for the case study area
but also for other cities that require urban renewal. The results of this study contribute to
the management of plot forms and the updating of urban design.
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