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Abstract: Street vitality is associated with a comfortable human-based public environment and
urban sustainability. In most current studies, street vitality is assessed considering single or multi
factors; however, the impact of time dimension is ignored. This study selects nine different year-built
streets in old, main, and new urban areas, in Nanjing, China, proposes a framework to assess
street vitality considering the different time dimensions and selects the following factors: street
form, including building density, continuity, and height-width; street business type, including store
density, function density, and permeation rate; and street accessibility, including location, the number
of entrances/exits, transportation, and walkability. After calculating the values of the subfactors,
a ranking method was applied to assign the ranking of impact of all factors for a comprehensive
analysis. The results showed that Pipa Street, Wufu Street in a main urban area, and Hongmiao Street
had the highest street vitality and the highest rankings of almost all the factors. Street vitality in
different periods demonstrated that street vitality in new urban areas is lower compared with old
and main urban areas.

Keywords: street vitality; time dimension; street forms; business types; accessibility; measure and
analysis; Nanjing city; China

1. Introduction

An urban built environment can be understood as a system that covers many interconnected
spaces supported by social progress and technological capabilities [1]. Urban public spaces give a sense
of visibility to buildings and public life, as a precondition for the development of open space, and are
highly related to urban sustainable development [2,3]. As one of the largest urban public spaces,
streets bear a profound social and humanistic connotation [4]. Street vitality is a key issue in studying
urban public space and providing a sustainable human-based public environment [4]. Street vitality is
broadly categorized as the continuing force of urban streets [5], the diversity of urban life [6], or the
activity of the people in streets [7]. After 30 years of rapid urbanization, Chinese urban construction
has started to emphasize the “human first” and “the urbanization of people”, paying attention to the
quality of the urban space. Whyte [8] thought that cities should be regarded as the domiciles of people,
rather than as economic machines, transportation hubs, or huge platforms of building exhibition.
Alexander [9] thought researchers should examine the inherent properties of urban morphological
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features to present the vitality of urban streets. Jacobs [10] also attempted to find desirable street forms
to provide a reference for the design of such urban spaces.

Extensive research studies have investigated the correlations between transportation, road type,
car parking, pedestrian environment, and street vitality, respectively. It is vital to design suitable streets
by creating a safe and comfortable environment [11–13]. Boer [14] suggested reducing the speed limit
of cars to give pedestrians priority. Ikioda [15] explored the impact of road construction on market
and street traders in urban environments, and Calanis et al. [16] analyzed the road safety of people on
the street while considering urban road types and traffic. For street car parking, Ajeng and Gim [17]
studied on-street car parking issues and analyzed the differentiation between car parking duration
and demand on streets in Yogyakarta City, Indonesia. Park et al. [18] analyzed the impact of on-street
car parking on the thermal environment of streets for pedestrians according to Korea’s green parking
project. For the pedestrian environment, Kang also applied multilevel regression models to identify
the positive effects of street facilities, such as stores, cultural issues, local street networks on walking
volume, and so forth [19].

The built environment is also important for street vitality [20,21]. Park et al. [22] applied
a multilayer mean radiant temperature model for pedestrians on streets according to the built
environment. Sung et al. [23] identified the association of the physical environment with the activity
on streets in Seoul City. Lee et al. [24] investigated urban heat island environment cooling with the
use of water spray systems in urban street canyons. Lee [25] analyzed the thermal characteristics
of streets using a thermal imaging camera on commercial streets in Seoul, Korea. Wojnicki and
Kotulski [26] studied how the parameter of traffic intensity detectors influences the energy use of
dynamic street lighting with a case study in Krakow, Poland. Wang et al. [27] studied street ecosystems
with trees of different ages in Dalin’s streets to suggest maximizing and sustaining the street built
environment. Shirvani [28] explored eight major components of urban spatial organization and their
interrelationships. Xu [29] proposed the evaluation indicators, such as physical spatial morphology and
behavioral activities to monitor the factors that contribute to public space vitality. Katz et al. [30] studied
the impact of compactness, walking scale, function mixture, and building density on street vitality.

Furthermore, Mahmoudi et al. [31] reviewed factors, including proportions of space, architectural
style, accessibility, and so on and summarized the effects of physical problems on the quality of streets
in Kuala Lumpur. Ewing and Clemente [32] found it necessary to study urban form measurement and
performance. Long and Ye [33] proposed applying urban forms of humanistic scaling to study urban
vitality. Harvey et al. [34] proposed a method for measuring geometric forms of street landscapes
based on the skeletal streetscape. Hou et al. [35] quantified the best height-to-width ratio necessary for
the renewal and vitality-building of traditional urban streets and alleys. Zarin et al. [36] investigated
the vitality levels of two streets in Tehran with a questionnaire and a standard multivariate regression
analysis. Sung and Lee [37] constructed multilevel regression models that used walking as the
dependent variable, to analyze and observe six conditions of urban vitality.

However, it is common to find that streets with rich histories and worn-out facilities in
old urban areas are bustling while recently-completed streets in some new urban areas, remain
relatively empty [38]. Some researchers suggested urban vitality with the progression of time is the
process of accumulating suitable building density and form while maintaining a high level of street
accessibility [39]. Current studies focus on relatively fewer influencing factors of urban vitality from a
static perspective. Assessing urban street vitality by comprehensively considering street form, street
business type, and street accessibility, together combined with the impact of different time periods,
has received little attention. To address these issues, this study selects three different groups of streets,
built in different time periods, in Nanjing, China, and defines three main factors and 10 subfactors to
seek street vitality under time dimensions through measurements and analysis of influencing factors.
Finally, ranking method and multi-factor analysis are conducted to assess the impact of different
factors on street vitality. Therefore, this study aims to achieve the following objectives:
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(1) Propose a framework to quantify the impact of select factors on urban street vitality under
different time dimensions.

(2) Apply street form (e.g., street density, continuity, height–width ratio), street business type (e.g.,
street function mixture, density, permeation rate), and street accessibility (e.g., street location,
transportation, walkability, etc.) to comprehensively analyze urban street vitality.

(3) Propose a ranking method and conduct a multi-factor analysis of street vitality to compare the
impact of each factor to guide urban planning, public space design, and street vitality construction.

(4) Provide significant insights for street vitality and studies regarding urban
sustainable development.

2. Methodology

2.1. Overview of Methodology

Figure 1 shows the flow chart for the methodology applied in this study. In the first step, this
study selected nine streets in the urban area of Nanjing City, China, and defines three main factors and
10 subfactors that influence street vitality in terms of street form, street business, and street accessibility,
respectively. Upon the completion of field measurements and data collection, we conducted a
quantitative analysis for each subfactor based on its definition and calculation. Third, a ranking
method and multi-variable regression method were applied to (a) assess the impact of single factor on
street vitality according to correlation comparison and (b) visualize the impact of multiple factors on
street vitality to provide suggestions for the sustainable development of urban streets.
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2.2. Assessment of Factors

This study considered three main factors, including street form, street business type, and street
accessibility. Street form consists of street density, street continuity, and street height–width ratio. Street
density (Ds) is highly related to street vitality, which means the percentage of total building area (Ab)
compared with the total allocated building area (As) of the street, which can be calculated using Equation (1).
Typically, low street density will not facilitate high street vitality. Street continuity (Cs) is denoted with the
average building-to-line ratio. Street interfaces with good continuity can help form a desirable vitality
atmosphere and a higher continuity, making the street look more orderly. Street continuity can be calculated
by the total length of the building walls (Lb) along the street divided by the total length of the street (Ls),
which can be seen in Equation (2). The street height–width ratio (HWs) can provide the spatial feelings for
people and is calculated in Equation (3) by defining the average height of buildings (Hs) along the street
divided by the width of the street (Ws).

Ds =
Ab
As

. (1)

Cs =
Lb
Ls

. (2)

HWs =
Hs

Ws
. (3)

Street business type consists of street store density, street function density, and street permeation
rate. Commercial facilities located along streets provide people with daily necessities and streets with
a full set of commodities and reasonably-distributed businesses to attract patrons to linger. The impact
of street business types can be quantified using degrees of business activity. The degrees of business
activity generally include store density, function density, and the permeation rate of frontage. Street store
density (SDs) can be defined by the number of store buildings (Nstore) along every 100-m length of street,
which is calculated by Equation (4). Similarly, street function density (FDs) is defined by the number
of functions (Nf unction) of buildings for every 100-m length of street, which can be calculated using
Equation (5). The permeation rate of frontage bottom businesses has a vital impact on visual accessibility,
pedestrian movement, communication between streets and buildings, and between indoors and outdoors.
Many American cities have clear regulations for the permeation rate of frontage buildings implemented in
urban design [40], which encourages the use of large-size transparent glass and bans the use of solid walls
or non-transparent showcases. The permeation rate (Ps) can be calculated using Equation (6) by taking the
percentage of the total length of the building’s transparent wall (Ltw) along the street, divided by the total
length of building’s walls located along the street.

SDs =
Nstore

Ls
× 100. (4)

FDs =
N f unction

Ls
× 100. (5)

Ps =
Ltw

Lb
. (6)

Street accessibility usually consists of street location, and accessibility refers to the opportunity for
people to access streets, generally based on a distance–decay model. Accessibility can be expressed
with parameters such as geo-location, public transportation, and the walking environment system.
Geo-location refers to the location of a street and its spatial relationship to other places. With regards to
the most fundamental influencing factors of street geo-location (in addition to the number of adjacent
residential areas and their distribution scope) the distance between the street and residential areas or
large business facilities is a major indicator. This indicator is excellent for measuring the advantages and
disadvantages of geo-location. Therefore, this study sets up several distance ranges within 200 m, 500 m,
800 m, 1200 m, and 1500 m. One traffic application (app), so-called My Nanjing, is used in this study to
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acquire transportation information. Through traffic app, this study counts the number of metro stations
and bus stops near streets within 500 m to assess street transportation and the number of entrances and
exits along the streets. In addition, field observation was conducted to assess street walkability, and this
study assigned 17 items to compare the walking environment.

Finally, to better visualize and compare the impact of the 10 subfactors on street vitality, a ranking
method was applied to obtain a mathematical assessment of the street’s factors using Equation (7).

Rs =

{
Rsi > Rsj, i f Nsi > Nsj

Rsi = Rsj, i f Nsi = Nsj

(7)

where, Rs means the ranking of a street factor. Nsi and Nsj are the values of the corresponding factors
of street i and street j, respectively. Because this study selects nine streets in the case study, the rankings
from lowest to highest will be 1, 2, 3, . . . , 9.

2.3. Case Study of Nine Streets

This study used the following three basic principles to select the streets for the case study: (a) the
selected streets should be located close to residential areas and contribute more to residents’ daily life,
work, and activities during their spare time, rather than large-scale commercial streets with commercial
centers, office buildings, and markets; (b) the selected streets should have convenient and low-speed public
transportation, a walkable environment, and should allow people temporary parking, rather than urban
main traffic streets; and (c) the selected streets should be constructed in different time periods for comparison.
Therefore, this study selects nine life-oriented streets in the urban area of Nanjing City, China, which can be
found in Figure 2. Three streets are located in the old urban area built around the year 1990, three streets are
located in the main urban area built around the year 2000, and three streets are located in the new urban
area of Hexi in Nanjing built around the year 2010. Based on field observations and measurements of
these streets, this study collected basic datasets required for each influencing factor for further assessment.
This study mainly applies the field measurements, including observation and materials from the urban
planning administration, and Google’s street map tool to collect cross-reference datasets for the urban street
form, as well as street business type, street location, and street entrances/exits. The street’s transportation
information was collected from the official transportation app of Nanjing while the information on the street
walkability environment was collected through field measurements.
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Figure 2. Pictures of the nine streets: Hongmiao (a), Chengxian (b), and Qingdao (c) in the old urban
area (top row from left to right); Pipa (d), Wufu (e), and Xinhua (f) in the main urban area (middle row
from left to right); Fuchunjiang (g), Xin’anjiang (h), Songhuajiang (i) in the new urban area (bottom
row from left to right).
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3. Results

3.1. Comparative Analysis of Street Forms

Street form refers to the geometric factors of streets. The influencing factors include building
density, interface continuity, and section height-to-width ratio, which are common street space
attributes that affect the people’s psychological experiences. The results show that building density
and street vitality are closely related. Loose texture density cannot help form a desirable business
atmosphere. Figure 3 shows the building density along the nine streets calculated using Equation (1).
The findings showed that the building density of buildings constructed in the new urban streets was
less than the building density in the old and main streets. The average building density of streets in
the old urban area was 39.3% and 39.7% in the main urban area, respectively, while average building
density was only 20.7% in the new urban area. The rankings for nine streets with levels of building
density are Hongmiao (9), Chengxian (7), Qiangdao (4), Wufu (6), Pipa (9), Xiuhua (6), Songhuajiang (3),
Fuchuanjiang (2), and Xin’anjiang (1), respectively. Figure 4 shows the results of building continuity for
the nine streets based on Equation (2). Similar to the building density results, the results for building
continuity in the new urban area were also lower than in both the old and main urban areas, especially
for Hongmiao Street, where the building continuity reached 90%. The average results of building
continuity for the old urban area, the main urban area, and the new urban area were 85.3%, 76.3%,
and 52.7%, respectively. While according to levels of building continuity, the rankings for nine streets
based on Equation (7) are Hongmiao (9), Chengxian (7), Qiangdao (8), Wufu (6), Pipa (4), Xiuhua (6),
Songhuajiang (3), Fuchuanjiang (3), and Xin’anjiang (1), respectively.
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Figure 5 shows the results of the building height-to-width ratio on the nine streets. The street
widths in the old urban area were 15 m, 18 m, and 15 m, with street height-to-width ratios of 1.41,
0.88, and 0.77, respectively. The street widths in the main urban area were 15 m, 25 m, and 16 m,
with street height-to-width ratios of 1.50, 0.64, and 0.88, respectively. The street widths in the new urban
area were 42 m, 47 m, and 46 m, with street height-to-width ratio of 0.69, 0.94, and 0.70, respectively.
Comparatively, the street widths of the old urban area and the main urban area are narrower, with street
height-to-width ratios approaching or exceeding 1. This promotes a strong street affinity suitable for
walking. Streets in the new urban area are wide, with insufficient connection between both sides of
the street, resulting in street height-to-width ratios of less than 1. Typically, buildings along most
famous streets worldwide are generally not more than 30 m high, with height-to-width ratios ranging
from 1:1.1 to 1:2.5. To rank the levels of building height-to-width ratio, we can find the rankings
are Hongmiao (8), Chengxian (6), Qiangdao (4), Wufu (9), Pipa (1), Xiuhua (6), Songhuajiang (2),
Fuchuanjiang (7), and Xin’anjiang (3), respectively.
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3.2. Comparative Analysis of Street Business Types

The function mixture degree is expressed through store density and function density.
Figure 6 shows the street function distributions of the nine streets. The average results of store
density calculated by Equation (4) in the old, main, and new urban areas were 22.8 stores/100 m, 23.2
stores/100 m, and 14.2 stores/100 m, respectively (see Figure 7). The rankings for nine streets with
levels of store density are Hongmiao (9), Chengxian (5), Qiangdao (4), Wufu (6), Pipa (7), Xiuhua (8),
Songhuajiang (1), Fuchuanjiang (2), and Xin’anjiang (3), respectively. The results showed that the
construction of businesses in the old and main urban areas were very similar, while it was lowest
in the new urban area. The function density results calculated by Equation (5) in the old, main,
and new urban areas were 3.19 functions/100 m, 3.66 functions/100 m, and 3.20 functions/100 m,
respectively, which are showed in Figure 8. The rankings for nine streets with levels of function
density are Hongmiao (6), Chengxian (3), Qiangdao (5), Wufu (8), Pipa (9), Xiuhua (4), Songhuajiang
(7), Fuchuanjiang (3), and Xin’anjiang (3), respectively. Based on the analysis and calculation of the
permeation rate of frontage bottom businesses from Equation (6), the permeation rate of the old, main,
and new urban areas was 58%, 68%, and 64%, respectively, as seen in Figure 9. The rankings for nine
streets with levels of permeation rate are Hongmiao (7), Chengxian (3), Qiangdao (1), Wufu (4), Pipa
(9), Xiuhua (8), Songhuajiang (7), Fuchuanjiang (3), and Xin’anjiang (5), respectively. The rate of the old
urban area was relatively lower than the others because buildings 30 years ago were often constructed
with limiting solid brick or concrete and smaller windows. Today, the new urban area has many large,
complex buildings; however, the permeation treatment is not always adopted for all bottom-floor
businesses depending upon the building’s functional needs.
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3.3. Analysis of Street Accessibility

Table 1 shows the number of business facilities and residential areas around the nine streets
for different distance ranges. The results based on the data indicate that the number of residential
areas and large business facilities are higher on streets in the old and main urban areas. For example,
within the scope of 200–500 m, there were 11, 23, and 13 in the old urban area, 16, 21, and 17 in the
main urban area, and 2, 5, and 4 in the new urban area. The quantity in the old and main urban areas
was higher than that in the new urban area. In addition to the number of adjacent residential areas
and their distribution scope, the number of street building units and entrances/exits is important to
consider. To rank the levels of building locations with number of business facilities and residential area,
this study counts the total number within 1500-m distance and then ranks the nine streets as Hongmiao
(6), Chengxian (5), Qiangdao (7), Wufu (4), Pipa (9), Xiuhua (8), Songhuajiang (3), Fuchuanjiang (2),
and Xin’anjiang (1), respectively. The results are presented in Figure 10. The number of entrances/exits
of streets in different urban areas was 28 (rank 9), 14 (rank 5), and 17 (rank 6) in the old urban area,
with an average of 20; 18 (rank 7), 20 (rank 8), and 10 (rank 1) on streets in the main urban area, with an
average of 16; and 12 (rank 2), 14 (rank 5), and 13 (rank 3) on streets in the new urban area, with an
average of 13. The number of entrances and exits on the streets in the old urban area was larger
compared with the main and new urban areas.
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Table 1. The number of business facilities (NBF) and the number of residential areas (NRA) in the
nine streets.

Street Name
0–200 m 200–500 m 500–800 m 800–1200 m 1200–1500 m

NRA NBF NRA NBF NRA NBF NRA NBF NRA NBF

Old urban area

Hongmiao 8 2 5 6 29 6 43 15 21 9
Chengxian 5 1 20 3 26 4 39 7 33 2
Qingdao 5 0 13 0 18 6 42 13 47 8

Main urban area

Wufu 6 0 16 0 21 1 36 1 38 7
Pipa 4 1 13 8 47 9 64 4 109 9

Xiuhua 11 0 15 2 35 2 45 4 41 4

New urban area

Songhuajiang 3 0 1 1 8 1 23 1 24 5
Fuchunjiang 4 0 3 2 7 3 15 2 6 0
Xin’anjiang 4 1 4 0 8 0 4 3 11 2
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Public transportation plays an important role in urban accessibility. Therefore, the number of
metro stations and bus stops near streets and the number of vehicles that arrive every hour were
compared in this study (Table 2). The number of bus stops within the scope of 500 m was 14, 12, and 5,
respectively, for streets in the old urban area, 12, 5, and 14, respectively, for streets in the main urban
area, and 17, 14 and 22, respectively, for streets in the new urban area. The old urban area shows the
advantage of having more metro stations. In comparison, the average number of vehicles that arrived
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on the street every hour was 258.5 (rank 9), 197 (rank 7), and 104 (rank 3), respectively, in the old urban
area, 135.5 (rank 6), 128 (rank 4), and 228.5 (rank 8), respectively, in the main urban area, and 135 (rank
5), 80 (rank 1), and 122 (rank 2), respectively in the new urban area. The average values of the old and
main urban areas were higher than that of the new urban area. In general, the old urban area had a
comparative advantage in accessibility to public transportation.

Table 2. The number of public transportation stops and stations and the vehicle frequency for the
nine streets.

Street Name Bus Stops Frequency (hour) Metro Stations Frequency (hour) Total Stops Avg. Frequency

Old urban area

Hongmiao 14 437 4 80 18 258.5
Chengxian 12 354 2 40 14 197
Qingdao 5 148 3 60 8 104

Main urban area

Wufu 12 251 1 20 13 135.5
Pipa 5 196 3 60 8 128

Xiuhua 14 447 1 10 15 228.5

New urban area

Songhuajiang 17 230 2 40 19 135
Fuchunjiang 14 140 1 20 15 80
Xin’anjiang 22 224 1 20 23 122

By analyzing various interactions of people on the streets from the perspective of social contact,
we found that a desirable walking environment can encourage people to participate in more street
activities. A desirable walking environment includes meticulous planning and design, small-scale
street space, rich building elevation, advertisement markers, public windows, greenery, lighting,
pavement, seats and chairs, telephone booths, newsstands, dustbins, public toilets, bicycle parking,
street corner squares, and open spaces of retreat, among other factors. Based on statistics regarding
the environmental factors and the results of the street walking system, the streets in the old urban
area possessed 6, 10, and 4 items, respectively; the streets in main urban area possessed 7, 13, and 3
items, respectively; and the streets in new urban area possessed 8, 12, and 13 items, respectively (as
showed in Table 3). Therefore, the new urban area showed an obvious advantage in environmental
quality. Based on a ranking method when comparing each two results of street walkability, the results
showed that the rankings of the nine streets are 3, 6, 2, 5, 9, 1, 4, 7, and 9, respectively. Pipa Street and
Xin’anjiang Street have the greatest walkable environment, while Xiuhua Street has the worst.
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Table 3. Statistics of walking environment factors of the nine streets.

Street Name Meticulous
Design

Small
Space

Rich
Elevation Advertise-Ment Markers Publicity

Window Greenery Light-Ing Pave-Ment Seat Telephone
Booth News-Stand Dustbin Public

Toilet
Bicycle
Parking

Street
Square

Open
Space Ranking

Old urban area

Hongmiao
√ √ √ √ √ √

6
Chengxian

√ √ √ √ √ √ √ √ √ √ √
3

Qingdao
√ √ √ √

7

Main urban area

Wufu
√ √ √ √ √ √ √ √

4
Pipa

√ √ √ √ √ √ √ √ √ √ √ √ √ √
1

Xiuhua
√ √ √

8

New urban area

Songhuajiang
√ √ √ √ √ √ √ √

5
Fuchunjiang

√ √ √ √ √ √ √ √ √ √ √ √ √
2

Xin’anjiang
√ √ √ √ √ √ √ √ √ √ √ √ √ √

1
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3.4. Analysis of Street Vitality

The vitality of urban streets can be described as an intuitional feeling and cannot be quantified
easily. Vitality usually includes environmental factors, at the material level that contain various
activities for development and the people who are active therein. Additionally, vitality can exist on
streets only when people and activities are present. Thus, people are the fundamental reason for the
formation of vitality. Therefore, the most direct external expression of street vitality can be reflected by
“the density of people engaging in unnecessary activities in streets”. To reduce the impact of weather,
commuting, and other daily necessities, this study selected the average number of active people during
morning (8:00–9:00), afternoon (13:00–14:00), and evening (19:00–20:00) time periods on three different
weekends with sunny weather.

The number of people on the streets in the old urban area was 668 (rank 7), 609 (rank 5), and 440
(rank 3), respectively; the number of people on the streets in the main urban area was 750 (rank 8),
1009 (rank 9), and 355 (rank 2), respectively; the number of people on the streets of the new urban
area was 266 (rank 1), 479 (rank 4), and 649 (rank 6), respectively. The results reflected the distribution
condition and approximate activity law for the activity of people in each of the nine streets (Table 4).
The preliminary statistics, summary, and analysis were conducted by synthesizing the number of
active people in the streets and their activity status, which is shown in Table 4.

Table 4. Distribution of the number of pedestrians in the nine streets in the urban area of Nanjing.

Street Morning (08:00–09:00) Afternoon (13:00–14:00) Evening (19:00–20:00) Average Total

Old urban area

Hongmiao 197 213 258 223 668
Chengxian 163 245 201 203 609
Qingdao 106 162 172 147 440

Main urban area

Wufu 245 262 243 250 750
Pipa 266 351 392 336 1009

Xiuhua 114 82 159 118 355

New urban area

Songhuajiang 88 85 93 89 266
Fuchunjiang 141 148 190 160 479
Xin’anjiang 206 259 184 216.33 649

According to the statistics, the average number of active people in the streets of the old urban
area, the main urban area, and the new urban area was 572, 705, and 465, respectively. The number of
active people in the streets of the old urban area and the main urban area were higher than that of the
new urban area. However, because Pipa Street, in the main urban area, had a very large number of
active people, the average number of active people in the main urban area was skewed higher. Based
on further analysis, we found that Pipa Street was much wider than the other streets in the old and
main urban areas and about half as wide as the streets in the new urban area. Therefore, the street has
a suitable scale and is convenient for vehicular traffic, because Pipa Street allows on-street parking that
has little impact on traffic. This proves that a moderate mixture of pedestrians and vehicles can help
promote street vitality.

The number of active people in the streets also fluctuated during different periods. Except for
special circumstances, the number of active people in the streets in the early morning was relatively
small. This was especially the case in the new urban area, partially because most people in this area
are young and usually sleep in on the weekends. By noon, the number of active people on the streets
increased, and the number of active people on the streets was the largest in the evening. Additionally,
during this time it was observed that people usually lingered for relatively longer periods of time
during the evening compared with the morning and noon hours.
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To compare the impact of each subfactor on street vitality, this study used a ranking method to
assign a rank (from 1 to 9) for each subfactor for the nine streets according to the statistical results.
The rankings of levels of each subfactor are assigned based on Equation (7) to sort and compare levels
of each subfactor and since the number of streets selected in this study is nine, total ranking levels are
nine, varying vary from 1 (lowest) to 9 (highest). Figure 11 shows the visual results of street vitality
rankings and the 10 subfactors for the nine streets. The overall results showed that it is difficult to
form one general numerical rule to assess street vitality. However, the findings showed that street
vitality was determined by the combined outputs of multiple subfactors. Based on the street vitality
ranking, the three streets with the highest street vitality were Pipa, Wufu, and Hongmiao streets,
ranking 9, 8, and 7, respectively, while Songhuajiang Street had the lowest score. The rankings of
the 10 factors for the nine streets showed that Pipa Street has the largest number of active people,
and among the nine environmental factors, it had the largest building density, function density, number
of neighboring residential areas, and permeation rate. Songhuajiang Street had the smallest number
of active people. Among the nine environmental factors, it had the lowest store density, the smallest
number of residential areas within 500 m, the smallest number of unit entrances and exits, a low
building-to-line ratio, and a low street height-to-width ratio. This proves that a direct correlation
exists between street vitality and environmental factors. Pipa, Hongmiao, and Wufu streets exhibited
a large percentage of the highest ranking of subfactors, which might prove that street vitality can
be improved by increasing suitable environmental factors. In addition, the vitality of Pipa Street,
which had a height–width ratio ranked as 1, was higher than that of Hongmiao and Wufu streets,
with height-to-width ratios ranked as 9 and 8, respectively. This finding showed that a reduction in
the height-to-width ratio may improve street vitality. When comparing street vitality in the old, main,
and new urban areas, the results of each of the nine streets showed that the rankings for the subfactors
in the old and main urban areas were higher than the ranking for the new urban area. The streets in
the old and main areas showed obviously higher vitality than the streets in new urban area. This might
demonstrate the cause and evolution of urban street vitality and prove that street vitality varies from
the perspective of time dimension and increases with time.
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Figure 12 shows the results of street vitality for the nine streets analyzed in this study.
Specifically, Figure 12 shows the three street form subfactors (street density, street continuity, and street
height-to-width ratio), three street business subfactors (street store density, street function density,
and street permeation rate), and the accessibility of the streets. The accessible walking environment in
the new urban area was superior to those of the main and old urban areas. However, the statistical
results for the distribution of active people in the streets showed that the main urban area had the
highest street vitality, followed by the old urban area, and then the new urban area.
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The street vitality in different time periods assumes obvious differences. The old and main streets
existed for a longer period of time than those in the new urban area. Although these streets have
developed relatively worn-out environmental factors over time, their street forms and business types
have become more suitable for walking and more adaptable to the demands of daily life. Therefore, the
streets have assumed full vigor and vitality. The newly-built new urban area has a higher quality street
environment, but its streets are too wide for people on both sides to connect conveniently. Additionally,
the occupancy rate of housing remains low. Therefore, the new urban area has poor street vitality at
this time.

Figure 12 shows that the density and continuity for streets with high vitality for the old and
main urban areas were distributed around 40%, and 80%, respectively, and around 21% and 53% for
the new urban area. Therefore, for the new urban area to improve, we recommend enhancing the
overall vitality, street density, and continuity to improve the new urban area. Considering the street
height-to-width ratio, we found that the ratio in the new urban area was similar to the main urban
area. This may indicate that the street height-to-width ratio in new urban area was reasonable.

For the street business type, Figure 12 suggests an improvement in the street store density is
needed. Moreover, the street function density can be slightly adjusted, because the function density in
the new urban area was slightly smaller than in the main urban area but similar to the old urban area.

For the street permeation rate, the results showed no significant differences between the three
urban areas. Finally, for accessibility through transportation, we found that the average frequency of
transportation into/out of the new urban area was lower than in old urban area and similar to the
main urban area. Although the number of bus stops in the new urban area was higher than in the
old and main urban areas, the street vitality was still the lowest. This suggests that transportation
sources in the new urban areas should be fully utilized by increasing the frequency of buses and
metros, for example, to help improve the street vitality.
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4. Discussion and Limitations

Based on the different time phases of urbanization, the vitality of most Chinese cities will change
during different time periods. In particular, new urban areas face the paradox that street vitality
is still insufficient despite high rates of standard construction. This study examined three groups
of life-oriented streets built in different periods. The findings provided insights into street vitality
according to two perspectives: (1) environmental factors maintaining street vitality and (2) the number
of people representing street vitality. Meanwhile, three main factors and 10 corresponding subfactors
were applied as evaluation indicators, and one framework was used to observe and analyze the inherent
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correlations affecting street vitality. First, an inclusive assessment of the results indicates that relatively
high building density, interface continuity, and a suitable street height-to-width ratio promote street
vitality. The streets with a large number of active people located in the old and main urban areas have a
relatively high building density, as well as street continuity and enclosure. On the other hand, streets in
the new urban area are so wide that they have a weak enclosure. Moreover, poor continuity created
an insufficient business atmosphere and a low street activity degree. Second, the results indicated that
a relatively high degree of function mixture can raise the land utilization rate. For example, the streets
in the old and main urban areas have a higher degree of function than those in newer urban areas,
and they are surrounded by buildings that cater to people’s demand. These streets tend to have a
more complicated and lively street space that promotes overall utilization, efficiency, and flexibility.
Third, highly-efficient and convenient accessibility is an important condition for the formation of street
vitality. The old and main urban areas are closer to more metro stations and enjoy convenient traffic
facilities. In the new urban area, the metro service was launched at a later date, prior to which buses
had been the most utilized means of transportation. Overall, the streets in the old and main urban
areas have more established means of public transportation and higher vehicle frequency than those in
the new urban area. Moreover, they are near neighboring residential areas or large business facilities,
so they tend to have higher street vitality based on convenience.

The buildings along the streets in the old urban area and the main urban area are in the process
of continuous alteration, expansion, and decoration. The continuity and permeation rate of these
streets will be promoted and improved continuously. Additionally, some spontaneous and irregular
construction activities will occur, resulting in improved street sections and environment quality.
Along with the lapse of time and continual optimization of street space, street forms have been shifting
toward a more energetic and vigorous model. In this process, streets will keep pace with the times and
make continuous adjustments and optimizations in street business types to meet consumer’ demands.
At present, an obvious difference exists between the street vitality of new and old urban areas for the
following reasons: (1) almost all the streets in the new urban area are full of high-rise office buildings
and closed residential areas with a low occupancy rate, and the relation between large office buildings,
residences, and streets is not that strong; (2) the streets in new urban areas have a small number of
large business facilities and a low street continuity, while having wider streets but lower business
enclosures; and (3) the streets built in old and main urban areas have few parking lots, while the
number active people is generally higher where temporary parking is allowed on both sides of streets.
In new urban areas where the planning is better and more complete, the business and residential areas
have their own parking lots, and no parking is allowed on the side streets; thus, the speed of vehicles
is usually higher.

During the process of this research, we identified some shortcomings worthy of further
exploration:

(1) The expression of street vitality is not only directly related to the number of active people, but
also the amount of time during which people linger on the street. However, it is very difficult
to comprehensively describe and record the lingering time of the population activity. We only
used the number of people to express the degree of street vitality at the time of our investigation,
which will inevitably result in some differences of assessing street vitality.

(2) We selected streets built in different time periods to make our investigation objective. Subject
to the time span of 30 years, the investigation data of some street environment factors were
inevitably insufficient. More cases are needed for a comparative analysis. However, the number
of streets we have selected and their representativeness are worthy of discussion.

(3) In recent years, various types of online consumption, e-commerce, app take-out, and so on
have evolved to meet most of life’s demands, thus reducing the amount of time people spend
physically shopping. Therefore, we should consider the impacts of various virtual environments
on street vitality in the future.
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5. Conclusions

This study proposes a framework to assess street vitality while considering different time
dimensions and utilizing three main factors, street form, street business type, and street accessibility.
In the case study, nine streets were selected from the old, main, and new urban areas in Nanjing
City, China, and a ranking method was applied to rank the impact of all factors on street vitality for
a comprehensive analysis. The results showed that Pipa and Wufu streets in the main urban area
and Hongmiao Street are the three streets with the highest street vitality. A ranking comparison
showed that those three streets have high rankings in almost all factors. However, the street vitality
in the new urban area is low compared with the old and main urban areas. Pipa Street has the
highest street vitality, with the lowest street height–width ratio (0.64, rank 1) and the best ranking
(rank 9) in street building density (43%), street function density (4 per 100 m), permeation rate (75%),
street location (total of 268 building facilities and residential areas within 1500 m), and walkability (14
items), respectively. Pipa Street is also ranked second highest in the number of entrances and exits
(total of 20, rank 8) and third for street store density (23 per 100 m, rank 7). However, Pipa Street has
two lower rankings (rank 4) for building continuity (75%) and street transportation (128 vehicles per
hour). Songhuajiang Street has the lowest vitality, as the factors of Songhuajiang Street have rankings
lower than 5, except for its relatively higher ranking for permeation rate (67%, rank 7).

By conducting measurements and performing a quantitative analysis of the streets in Nanjing,
from a time dimension of 30 years, the results show that street vitality is not invariable but rather
continuously evolving. On one hand, the results showed that the street vitality in different periods
assumes obvious differences. It might take a long time for street vitality to exist only after balancing
the demands of various factors. We should not only treat the present-day problem of insufficient
street vitality in the new urban area from a longer time dimension, but we should also enhance the
street vitality of the new urban area by optimizing the influencing factors. The findings suggested
some improvements for vitality, such as increasing street density and continuity in terms of street
form, increasing street store density in terms of business type, and increasing the frequency of buses
and metros. On the other hand, the methodology framework and the findings presented in this
study can provide some significant implications for future work on street vitality and sustainable
urban development. More statistical characterizations and datasets for a large group of streets,
from time-varied urban areas, can be provided to assess quantitative correlations between influencing
factors, time, and street vitality. In this way, more accurate and significant insights can be provided for
street vitality, construction, and guidelines for urban sustainability in the future.
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