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Abstract: Sustainable Development Goal 11.7 (SDG 11.7) aims to promote the improvement of
urban public spaces. However, the localization process of SDG 11.7 mainly relies on a bottom-up
problem-solving approach, which fails to fully encompass the connotation of SDG 11.7. Additionally,
existing evaluations primarily focus on a single scale, neglecting the impact of scale issues. These
limitations can lead to imbalanced development or misallocation of responsibilities when guiding
governments at different levels in promoting the sustainable development of public spaces. Therefore,
this article introduces a multi-scale assessment model of SDG 11.7. It employs a top-down problem-
solving approach to construct a sustainable development indicator framework, setting appropriate
sustainable development indicators for various levels of government based on the connotation of
SDG 11.7, and generates city-scale results by integrating three scales: apartment complexes, street
blocks, and counties. Testing this model in Xi’an, China, revealed that it adequately captures four
key aspects of SDG 11.7—safety, inclusiveness, accessibility, and greenness—through 11 indicators.
The evaluation outcomes at the apartment complex, street block, and county levels effectively
guide future development directions for various levels of government. Ultimately, the synthesis
of these scales reveals the spatial pattern of SDG 11.7 at the city scale and identifies focal areas for
development. Overall, this exploratory model demonstrates high accuracy and robustness, providing
a comprehensive understanding of the essence of SDG 11.7. It also alleviates challenges posed by
scale issues, offering decision support for monitoring SDG 11.7 across different levels of government
in Chinese cities and promoting the process of sustainable development.

Keywords: SDG 11.7; top-down problem-solving approach; urban sustainable development indicator
framework; multi-scale model; Xi’an city

1. Introduction

Cities serve as the primary nexus of human activity and play a pivotal role in advanc-
ing the United Nations’ agenda for sustainable development [1]. Public spaces represent a
main facet of implementing sustainable development strategies in cities, intricately linked
to the urban environment and residents” well-being [2]. The United Nations Sustainable
Development Goal 11.7 (SDG 11.7) particularly emphasizes the assessment of sustainability
in urban public spaces, aiming to “provide universal access to safe, inclusive and accessible,
green and public spaces, in particular for women and children, older persons and persons
with disabilities by 2030” [3].

The connotation of SDG 11.7 mainly encompasses four aspects: safety, inclusiveness,
accessibility, and greenness. Within the United Nations’ global indicator framework,
SDG 11.7.1 and SDG 11.7.2 are two indicators used to monitor SDG 11.7. These indicators
have been extensively employed in assessments of SDG 11.7 [4,5]. As research deepens and
concerns arise regarding the applicability of the United Nations” SDG indicator framework
in cities with different contexts, scholars have begun to focus on the localization of SDG 11.7
indicators. Some studies have established a comprehensive set of indicators, including
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quality, proximity, and area, to evaluate the sustainability of parks in Denver, USA [6].
There are also studies that have utilized machine learning to extract Google Street View
data, allowing for the assessment of accessible greenery for residents [7]. Furthermore,
numerous studies have used accessibility indicators to evaluate residents’ ability to access
public spaces based on different modes of transportation or by distinguishing between
different types of parks [8,9]. These efforts reflect the continuous improvement of SDG 11.7
indicators framework from various perspectives.

However, most assessment indicator sets have failed to comprehensively encompass
the four key areas that SDG 11.7 aims to address. For instance, while spatial equity is
directly involved in United Nations” SDG 11.7 framework, this aspect is not adequately
reflected in the UN-SDG 11.7 indicators [10]. Existing research on the construction of
the SDG 11.7 indicator framework similarly focuses on public space accessibility or the
valuation of ecosystem services, neglecting issues such as inclusivity and safety [11], which
results in biased evaluation outcomes. The reason for the inadequacy of sustainable devel-
opment indicators in fully representing the connotation of SDG 11.7 is that the UN-SDGs
framework represents a top-down system, while scholarly efforts to address sustainable
development assessments often follow a bottom-up research paradigm, which makes even
the UN-SDG 11.7 indicators unable to cover the connotation of SDG 11.7. While a bottom-
up research paradigm allows for a more focused resolution of specific issues, the gaps
in methods have resulted in an insufficient set of indicators, failing to capture the entire
connotation of SDG 11.7 [12]. Neglecting the connotation of SDG 11.7 prevents stakeholders
from focusing limited resources on the public space functions that are more important
to urban residents, leading to imbalanced development [13]. Therefore, it is urgent to
construct a top-down indicator framework to fully reflect the connotation of SDG 11.7.

Furthermore, there is a lack of attention to scale issues in the assessment of SDG 11.7.
Scale refers to the spatial and temporal dimensions of the research object or process. In the
realm of urban sustainable development, scale is invariably linked to administrative power
and thus generally represented by administrative-level [14,15]. Numerous scholars have
confirmed the scale-relatedness of sustainability [16]. Taking some SDG 11.7 indicators
as examples, public space accessibility and greening rates vary significantly at different
administrative levels [17]. However, these differences are related solely to scale rather
than to actual objective changes. This highlights the need for research to consider the
influence of scale issues on SDG 11.7 monitoring and to conduct multi-scale assessments.
Unfortunately, very few studies have focused on the status of SDG 11.7 across different
levels of administrative entities. Paying attention to the sustainable development status
across different scales is crucial. On the one hand, evaluating SDG 11.7 solely at a singular
scale might inadvertently limit considerations of other relevant scales, leading to a “scale
trap” [18]. On the other hand, using single scale model for all administrative entities
undoubtedly sets sustainable development goals beyond the scope of some governments’
authority. These issues are all sources of the misalignment of responsibilities among
administrative entities. Therefore, it is necessary to address the issue of responsibility
mismatch between administrative entities by developing specific sustainable development
indicators and evaluation methods for different levels of government, that is, to conduct
multi-scale evaluations of SDG 11.7 at different levels of government [19].

Based on the above, this article constructs a comprehensive multi-scale SDG 11.7
indicator framework through a top-down problem-solving approach, which determines
development indicators for apartment complexes, street blocks, and counties and proposes
a multi-scale evaluation method to obtain SDG 11.7 results at the urban scale. This article
mainly fills the gap of neglecting the connotation of SDG 11.7 and scale issues in related
research. To illustrate the applicability of the model, Xi’an city is chosen as the case study
area, providing a reference for monitoring SDG 11.7 in other cities in China.
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2. Materials and Methods
2.1. Study Area, Data Source, and Processing

This article uses Xi’an city as a case study to validate the appropriateness of the
multi-scale assessment model. Xi’an stands out as the sole megacity in northwest China
and holds the distinction of being one of the first nine central cities approved by the State
Council [20]. In recent years, Xi’an has undergone rapid development. However, this
growth has come with challenges, primarily stemming from rapid urbanization and the
encroachment upon farmland, resulting in serious environmental concerns. In response to
the mounting awareness of sustainable development, the Xi’an government has escalated
efforts in environmental stewardship. The “14th Five-Year Plan for Industrial Development
of Xi’an” explicitly emphasizes the importance of public space allocation within land
planning as a strategic measure to effectively address environmental issues. As such, this
case study holds insights and references for other developing cities in China.

The study area (Figure 1), delineated by the urban boundaries, is established using the
2020 land use data of Xi’an and the maps of Xi’an’s development zones and segmented
management areas released by the Xi’an Civil Affairs Bureau in 2020. This study adopts
the United Nations’ definition of urban boundaries, which is determined by the degree of
urbanization. The specific methodology involves extracting impermeable surfaces from
the land use data and delineating the approximate grid range of the main urban areas by
comparing it with satellite imagery. Subsequently, the smallest administrative divisions
encompassing the main urban areas are chosen as the study area for this research. This
approach aims to effectively reduce the fragmentation of the study area caused by directly
extracting impermeable surface ranges, thereby mitigating the impact on spatial analysis
related to SDG 11.7. Simultaneously, it ensures the integrity of administrative divisions to
enhance the accuracy of multi-scale analysis.
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Figure 1. The study area within Xi’an city.

To effectively monitor and report on SDG 11.7, the United Nations defines public
space as encompassing all open areas accessible to the public, including open public spaces
and streets. Open public spaces are categorized based on their intended function, such
as green public areas. The street space category includes streets, boulevards, and similar
components. Taking into consideration the specific context within China, we emphasize the
importance of public spaces that foster interaction with residents. These spaces should not
only offer services like air purification but should also cater to recreational activities and
scenic appreciation. Consequently, we exclude certain types of public spaces, such as urban
green belts that residents cannot access, and ultimately obtain a total of 642 public spaces.
The public space data come from the satellite image data of Xi’an City in 2020 intercepted
by the RiverMap application and obtained through visual interpretation and digitization.
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This article conducts observations on Xi’an City’s satellite images during both winter and
summer to enhance the precision of our public space extraction results.

In China, an “apartment complex” refers to a group of buildings constructed by real
estate companies for the purpose of housing residents. These complexes are typically
managed by neighborhood committees, which function similarly to government entities.
Therefore, this article treats “apartment complexes” as political entities and uses residential
point data for analysis at this scale. Street block and county (including open economic
zone) fall within China’s administrative hierarchy as first- and second-level administrative
units, and they play essential roles in maintaining the proper functioning of cities. The
data used in this article cover the following scales: (1) Apartment Complex Data: A total
of 4929 apartment complexes are identified through visual interpretation of 2020 satellite
imagery from the RiverMap application. Data on the house prices of apartment complexes
are obtained from the Anjuke website (URL: https:/ /xa.anjuke.com, accessed on 10 October
2021). (2) Street Block Data: Maps are sourced from the Bureau of Surveying’s standard
map service website, and 59 street blocks are extracted through vectorization. (3) County
Data: A total of 19 counties and development zones are acquired through vectorization
of Xi’an’ s development zone and segmented management area maps. (4) Road Network
Data: Various types of roads within Xi’an are extracted using the RiverMap application.
(5) Grid Data: An ArcGIS 10.1 platform’s fishnet tool is employed to partition Xi'an City
into 795 grids, each measuring 1 km x 1 km.

2.2. A Top-Down Indicator Framework for Problem-Solving at Different Levels

Guided by the principles of simplicity and ease of calculation, this article refines a set
of SDG 11.7 indicators using a top-down problem-solving approach. This comprehensive
framework consists of 11 key indicators (Table 1), and it has undergone refinement through
four rounds of expert meetings, which can fully reflect the connotation of SDG 11.7.

The connotation of SDG 11.7 includes four aspects: safety, inclusiveness, accessibility,
and greenness. This article selects the indicator spatial emergency response capacity (Sa)
for the safety connotation of SDG 11.7, indicator resource area per household (Per), dis-
persibility (NNI), and dominance (Do) to reflect the inclusiveness connotation; indicator
proximity (Ne), richness (Ac), NNI, and comprehensive coverage (Co) to reflect the acces-
sibility connotation; and finally, indicator quality (Qa), Ac, Per, diversity (Sh), ecosystem
services value (Es), total area (Su), and Co to reflect the greenness connotation. It should
be noted that some of the above indicators can reflect multiple aspects of the connotation
of SDG 11.7. On the basis of classifying the above indicators through the connotation of
SDG 11.7, this article further classifies them based on their applicable scales. The following
text introduces the specific classification process and indicators.

As the administrative power gradually extends from the apartment complex scale to
the county scale (S1 to S3), we observe that the micro scale (S1) places greater emphasis on
access to public spaces. To capture the sustainable development of S1, we employ three
indicators: Qa, Ne, and Ac. The indicator Qa is expressed by the area of high-quality public
space within a 2 km radius of the apartment complex. It is important to note that the quality
of public spaces is calculated based on the weighted area of these spaces. Referring to
previous studies, we assign weights of 1.5, 1.2, and 1 to the areas of water bodies, forests,
and grasslands within public spaces, respectively. This allows us to calculate the weighted
areas of 642 public spaces in Xi’an. We define the top 10% of these weighted areas as high-
quality public spaces [21]. Ne is calculated using the shortest distance model, which refers
to the time or spatial cost from demand points to public resources. Considering that the
time distance is affected by the social and economic levels of different demand points [22],
this article uses spatial distance to represent public space proximity. The formula is:

Ne; = Min (Cost;j) (1)
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where i is the demand point, j is the public space, Cost;; is the space cost from the i to the
public space j, and Ne; represents the shortest spatial distance from the demand point i to
all the public spaces.

The Ac is expressed by the gravity model, which represents the attractiveness of public
space of different quality to residential points within its service threshold and the difficulty
of residential points to obtain these public spaces [23]. The formula is:

Ac; = 2 Lf(dij) )

. P;
je€(dij<do) !

where i is the demand point, j is the public space point, and Ac; represents the richness
of the public space obtained by demand i. S; represents the supply capacity of j, which
is expressed in the area of public space. P, is the demand of i, which is expressed by the
number of households. d;; is the spatial distance between i and j, and dj is the service
threshold of j. We divide the public space into four grades based on their quality, accounting
for 10%, 20%, 30%, and 40% of the total number and set its service threshold at 2 km, 1.5 km,
1 km, and 0.5 km. f(d;;) = di;ﬁ is the power function considering the issues of spatial
friction, which assumes that even within the same spatial limits, residents are more inclined
to obtain public space with a closer distance. The value of 5 is between 1 and 2, and we
set it to 1 by referring to the research results of Mao et al. [24]. Since the public space is a
polygon, in order to achieve higher accuracy for the public space with a larger area, the
OD matrix uses the distance from the demand point to the gate of the public space when
calculating Ne and Ac. In the case of fully open public spaces, we segment the space’s
perimeter at 100 m intervals and calculate the distance from the point of demand to the
edge point (Figure 2).

777777777777777777777777 |

Route 1

Route 3

Z|eanoy

[
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Demand Point
®  Destination
‘—It\ === Route

Figure 2. OD distance calculation scheme between apartment complex and public space.

As the most fundamental administrative level in China, S2 possesses specific ad-
ministrative functions, and it places a heightened emphasis on the allocation of public
resources. In this context, we establish four key indicators, namely Per, NNI, Do, and Sa, to
comprehensively characterize the sustainable development of public spaces at the street
block scale.

Per is expressed as the ratio of the total area of public space to the number of house-
holds within the administrative scope of the street block. NNI is used to describe the spatial
distribution of public space and is analyzed by the Nearest Neighbor Index method [25].
The calculation method can be summarized as follows:

iz 71
NNI = = =
= 1 3)

2yv/m/

95
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where 71 represents the average actual nearest distance and 7. represents the theoretical
nearest distance. m is the number of entrances and boundary points of the public space
in the study area, and S is the area of the study area. When NNI < 1, it indicates that the
public space is distributed in a concentrated manner, when NNI = 1, it indicates random
distribution, and when NNI > 1, it indicates even distribution.

The indicator Do gauges the balance of services offered by public space resources
within the region, specifically examining whether services like tourism and recreation are
primarily controlled by one or a few significant public spaces. The calculation method is
outlined below [26]:

n
Do=1-Y P} 4)
k=1
where 7 is the number of public spaces in the study area, Py is the ratio of the area of public
space k to the total area of public spaces in the area.

Given the limited occurrence of criminal incidents, such as robberies, in China, this
article uses the spatial emergency response capacity of public space to expand the security
connotation of SDG 11.7. Sa represents the ability of public spaces to facilitate the evacuation
of people and mitigate disasters during emergencies, such as earthquakes. To assess this
emergency capacity, the proportion of the population within the public space service
threshold in comparison to the entire city’s population is taken as the emergency capacity
of the public space. The sum of the emergency capacities of all public spaces within the
street block’s boundaries is then computed to derive the Sa indicator.

At the county scale, we believe that greater emphasis should be placed on the overall
quantity of public resources, owing to the substantial administrative influence wielded by
counties. Consequently, we have established four indicators, with indicator Sh representing
the diversity of various public space types within the region. In this study, we employ the
Shannon diversity index to calculate Sh [27]. The calculation method is as follows:

T
Sh=-Y HinH; )
t=1

where T represents the number of types of public spaces in the area. H; represents the
proportion of the area of the t-th type public space to the total area of the public space in
the region.

The indicator Es signifies the ecosystem service value provided by public spaces
within each county, considering four key aspects: environmental purification, climate
regulation, temperature control, and tourism and leisure. The unit of measurement for Es
is denominated in RMB (Chinese Yuan). For precise calculation, we reference the urban
landscape ecosystem service evaluation index framework developed by Li and Zhou [28].

The Su indicator quantifies the total area of public spaces within the county, while Co
reflects the extent of public space coverage throughout the county. In this article, we utilize
the mean of both coverage and service coverage to establish a comprehensive coverage
assessment. Coverage, in this context, denotes the ratio of public space area to the entire
region’s area, whereas service coverage refers to the proportion of the area that public
spaces can effectively serve within their service thresholds in relation to the entire region.
The calculation of service coverage involves overlapping analysis and the merging of
overlapping areas.
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Table 1. A top-down SDG 11.7 indicator framework.
SDG 11.7 Connotation
1 Indi Description i 2 Ref
Scale ndicator P Unit Safety  Inclusiveness Accessibility Greenness Notes elerences
Total area of
. available 2
Quality high-quality m V4 Qa (+) [6]
public space
Proximity of the
Apartment L apartment :
complex(S1) Proximity complex to the m v Ne (-) [6]
public space
The richness of
. apartment 2
Richness complex’s access m?/per Vv Vv Ac(+) [29]
to public space
Resource Area of public
area per space per m? V4 v Per (+) [16]
household household
Degree of
Dispersibility dispersion of / 4 4 NNI (+) [25]
public space
Advantage
Dominance degree of public / vV Do (+) [26]
Street space area
block(S2) Emergency
Spatial response
emergency capability of
response public space in / v Sa(+) (301
capacity streets in case of
disasters
Social equity of
Equity ! public space % V4 Eq (+) [31]
services
. . Diversity of
Diversity public space / v Sh (+) [27]
Ecosystem Ecosystem
services service value of yuan v Es (+) [28]
value public space
County(S3) Total :
otal area o 2
Total area public space m v Su (+) [15]
Comprehensive Opverall coverage
coverage of public space %o v vV Co (+) [32]

within county

! This indicator is a supplementary indicator to supplement the social equity connotation of SDG 11.7. 2 The
content in parentheses indicates that the indicators belong to positive or negative indicators.

2.3. Multi-Scale Evaluation Method for Urban SDG 11.7 Monitoring

After constructing a top-down SDG 11.7 indicator framework, this article further
proposes a multi-scale evaluation method for urban SDG11.7 monitoring. To ensure
comparability across various indicators, it is essential to establish boundaries for each
indicator and normalize their values to a standardized range from 0 to 100.0 indicates
the poorest performance, while 100 indicates the highest level of achievement. We utilize
the term performance or score to characterize the degree of sustainable development, as
opposed to solely focusing on indicator values, given the presence of certain negative
indicators. Our approach draws from the methodology used to determine upper and lower
bounds for data (decision tree method), as outlined in the 2018 SDG Index and Dashboard
Report. This method effectively mitigates the potential impact of skewed data by mitigating
the influence of extreme values on the data distribution, thereby enhancing the accuracy of
standardized results [33].
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The upper bounds of the indicators are determined with reference to the five-step
decision tree method. If the conditions of the previous steps are met, the subsequent
steps will not be carried out. (1) First, we use relevant absolute quantitative thresh-
olds for the indicator framework, such as “absolute equality” to determine the boundary.
(2) Secondly, we use the principle of “leaving no one behind” to determine the upper
bounds of indicators related to coverage of public space. (3) We set the upper bounds of
other indicators as the average of the top five performance indicators.

The determination of the lower bounds of indicators is similar to the upper bounds.
(1) For indicators with clear absolute quantitative threshold meaning or completely contrary
to the principle of “leaving no one behind”, such as “absolute inequality” and “zero
coverage”, we use its worst possible performance to define the lower bounds. (2) For
other indicators, the lower bound is defined as the value closest to the bottom 2.5% of the
performance ranking of sustainable development indicators.

Following the establishment of upper and lower bounds for the indicators, we proceed
to standardize their values, resulting in the final performance of the SDG indicators:

X

x_
X=—
Xy — X]

x 100 (6)

where X represents the standardized score, i.e., standardized sustainable development
performance; x represents the original value of the indicator; and x, and x; represent the
upper and lower bounds of the indicator, respectively. The standardized score is set to 100
when the indicator value is greater than the upper bound and is set to 0 when the indicator
value is less than the lower bound.

For the performance of SDG 11.7 at the apartment complex, street block, and county
scales, this study calculates the weighted average of the performance of the indicators
associated with each scale. Due to the complexity of hierarchical scales, multi-scale things
in geography are interrelated and affected at different scales. Scale integration can span
the interaction among scales to provide an overall assessment of the research area on a
broader, more macroscopic level. Hence, building on the research findings of Wu et al. [34]
and Yigitcanlar et al. [35], this article introduces a scale integration scheme (Figure 3). This
scheme transfers the sustainability performance scores of 51, S2, and S3 to 1 km x 1 km
grids, enabling city-scale analysis and allowing decision-makers to plan public spaces at
the urban scale (S4). It is worth noting that, after experimenting with various grid sizes,
this article has found that the one-kilometer grid effectively reflects the city’s performance
of SDG 11.7.

Apartment Complex Scale Street Block Scale County Scale
(S1) (82) (S3)

Step 1: Calculate the results of various
indicators at different scales and convert
them into kilometer grids.
Grid score ® Apartment complex

Step 2: Overlay all grids, and the new Score _°f W Street blodk
erid result is the weighted average of the Urban Scale
original grids. (S4) s === County

Figure 3. Scale integration scheme for multi-scale assessment.

To transform the points representing apartment complexes into a grid format, we
employ interpolation to assign scores from a range of sustainable development indicators to
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100 x 100 m resolution grids. By applying an overlapping analysis with the one-kilometer
grid, we compute the average scores within each kilometer grid, resulting in the spatial
distribution of each sustainable development indicator.

At both the street block and county scales, this article employs the area weighting
method to superimpose the administrative boundaries onto the one-kilometer grid. There
are two approaches for evaluating and analyzing sustainable development on a city scale
(54): (1) The first method involves directly calculating a weighted average of the one-
kilometer grid data for the 11 indicators. (2) The second method entails first determining
sustainability scores for the three different scales and subsequently averaging these three
scale scores. It is worth noting that when the scores of the three scales are averaged, the
impact of certain indicators can be either amplified or diminished due to the varying
number of indicators at different scales. To mitigate this issue, we opt for the first scheme
to transition between scales, ultimately generating the spatial pattern of SDG 11.7 at the S4
scale. The workflow of this study is shown in Figure 4.

Multi-scale evaluation model for SDG 11.7 3 i
Analysis and validation

SDG 11.7-oriented urban sustainable development indicator framework

_________________________________________________________ . Feasibility

i ; i

! | SDG 11.7 indicator framework | Connotation of L RS SRS s S
: [ SDG 11.7 ; SDG 11.7 scores

1 1

i { y ! V i

! ‘ Safe | inclusive accessible ‘ green ‘ | Statistical description

1 1

Spatial Pattern

[

| Qa ‘ Ne | Eq H Sh ” Es ‘ Co
Scale differences
Calculation of the R
indictors values

f————————__ .Y N________
! Scales i
1 1
! ‘ Apar““?'sl‘l;”’mplex | Street block (S2) | County (S3) !
! I
1 1

I

Reflection of SDG 11.7
connotation
Elimination of scale
issues

| Weighted average ‘

ta s i
‘ Data standardization method

Five-step decision .
P — Indictors scores
tree method

1 1

L} 1

1 1

L 1

1 1

i v ' .
1 ! City-scale scores (S4)
1

' i

5 1

L 1

! 1

Multi-scale evolution method Potential policy insights

Figure 4. Workflow of this study.

3. Results
3.1. Multi Scale Monitoring of SDG 11.7 in Xi’an City

To obtain the spatiotemporal distribution of SDG 11.7 in Xi’an, we first calculate
benchmarks for various sustainable development indicators (Table 2).

The evaluation results for Xi'an’s progress in achieving SDG 11.7 are depicted in
Figure 5. At the S1 scale, areas exhibiting higher levels of sustainable development are
predominantly situated in proximity to Daming Palace, which is close to the urban center.
This outcome underscores that the compact urban core area facilitates the residents” accessi-
bility to public spaces in these locales. At the S2 scale, the regions boasting high scores in
sustainable development are primarily concentrated within the heart of the High-tech Zone,
Qujiang New Area, Hangtian, and Chanba Ecological Area. Evidently, these newer urban
districts excel in the equitable distribution of public resources compared to the urban center,
a conclusion that holds true at the S3 scale as well. Notably, the high-scoring areas for
sustainable development at the S3 scale form a belt-shaped core, highlighting the adequate
quantity of public spaces in these regions.
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Table 2. Sustainable development indicators benchmarks.

Scale Indicator Upper Bound Lower Bound Units
Quality 7,303,097 0 m?
S1 Proximity 300 2515 m
Richness 13,616.76 0 m?/per
Resource area per household 179 0 m?
Dispersibility 9.30 0 /
S2 Dominance 0.95 0 /
Spatial emergency response capacity 0.32 0 /
Diversity 1.53 0 /
s3 Ecosystem services value 6,191,608 0 yuan
Total area 9,351,280 0 m?
Comprehensive coverage 57.57 0 %

] ?

(o) (d)

Figure 5. Multi-scale spatial pattern of SDG 11.7 level in Xi’an. (a) S1 scale performance; (b) S2 scale
performance; (c) S3 scale performance; (d) S4 scale performance.

The spatial pattern of SDG 11.7 observed at the 54 scale confirms the significant impact
of rapid urbanization on sustainable development in the study area. Owing to the scarcity of
land resources in the central urban region, public resources are primarily channeled into the
new urban area, culminating in an “anti-core-edge” structure. The central urban area may
exhibit superior performance in certain indicators due to historical factors (indicators of S1,
for example), but in the broader context, the new urban area predominantly drives the city’s
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sustainable development. It is important to note that although the overall performance of
SDG 11.7 in newly developed urban areas is relatively good, there are low-value cores at
both the eastern and western ends of the city. This is primarily due to the eastern part of
Xi’an being a mountainous region, while the western area, having been developed later,
remains in a rural-urban dual structure, resulting in inadequate levels of SDG 11.7.

As illustrated in Figure 6, the average scores for various sustainable development
indicators are depicted. On the whole, SDG 11.7 in Xi’an is at a medium level, with ample
room for enhancement. Among all the indicators, Ne and Co indicators demonstrate
commendable performance, whereas Ac falls short. Given the relatively low sustainable
development level of the new area at the S1 scale, urban managers should pay more
attention to the acquisition of public space in future planning to enhance the performance
of SDG 11.7.

Moreover, the spatiotemporal pattern of SDG 11.7 in this article differs significantly
from those of other similar studies. Huang et al.’s assessment of public space accessibility
in Xi’an reveals a spatial pattern of sustainability that decreases outward from the core
of public spaces [36], while the results of this study do not support that conclusion. This
discrepancy is particularly evident in the northwestern regions of Xi’an, where only a
few areas near public spaces show relatively good levels of SDG 11.7. The reason for this
divergence lies in the fact that the indicators used in other studies typically rely solely
on accessibility to reflect certain aspects of SDG 11.7, while these studies are conducted
at a single scale. The above further validates the necessity of constructing a multi-scale
assessment model for SDG 11.7.
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Figure 6. Performance of sustainable development indicators and different scales. To facilitate
differentiation, the blue bars in the bar chart represent the individual indicators, the yellow bars
represent the three scales of apartment complex, street block, and county, and the green bar represent
the final results at the city scale. The same applies to the following figures.

3.2. Validation of the Model Robustness

The robustness of the model encompasses both uncertainty and sensitivity. We observe
that a smaller number of indicators at each scale magnifies the influence of individual
indicators on the outcomes during the analysis. When only a single indicator is used,
the SDGs result becomes solely dependent on that particular indicator. To investigate
the uncertainty arising from the variation in the number of SDG indicators, this study
conducts an uncertainty analysis. Across the three distinct scales, the study explores
various combinations of all sustainable development indicators within each scale. The
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outcomes yield a distribution of sustainable development performance, as depicted in

Figure 7.
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Figure 7. Uncertainty analysis for sustainable development performance. (a) S1; (b) S2; (c) S3; (d) S4.

The study observes that as the number of indicators increases, the uncertainty associ-
ated with the SDG results decreases, and the range of the overall sustainable development
score tends to narrow. This trend is especially pronounced when examining the coefficient
of variation (CV) of the indicators, as depicted in Figure 8. The coefficient of variation is
notably high for individual indicators, while the CV for S4, which integrates all indicators,
remains at a lower level.
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Figure 8. CV of SDG performance.

Furthermore, this article conducts a sensitivity analysis to assess how variations in
individual indicator performance impact the assessment of sustainable development. This
involves increasing and decreasing the value of each SDG indicator by 10%, followed by a
recalibration of the sustainable development level to determine the sensitivity index, as
depicted in Figure 9. Notably, the results reveal that alterations in a single indicator have a
relatively minor impact on the overall outcomes, with the overall range staying within a 2%
margin. In summary, the multi-scale sustainable development evaluation model outlined
in this article exhibits a high degree of robustness.
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Figure 9. Sensitivity analysis of SDG performance. (a) Indicator’s origin value increased by 10%.
(b) Indicator’s origin value decreased by 10%.

The robustness analysis of the model establishes the reliability of the framework
developed in this study. It should be noted that the SDG11.7 framework, which includes
multiple indicators, effectively reduces evaluation errors caused by a single indicator [33].
In addition, the calculation of indicators mainly relies on GIS spatial analysis, which greatly
reduces the costs associated with data acquisition and computation [9]. The results of
the spatial pattern of this case are consistent with Peng et al. [37], as they demonstrate
the changing trend of urban sustainability from the core to the periphery. Overall, this
evaluation model is both efficient and accurate.

4. Discussion
4.1. The Embodiment of Connotation of SDG 11.7 in the Indicator Framework

The advantage of a top-down problem-solving approach lies in its early consideration
of the connotation of SDG 11.7 when establishing the indicator framework. Some previous
comprehensive assessments of sustainable development goals have adopted similar ap-
proaches [17]. However, due to data limitations, some indicators are overlooked in early
research, which also results in an incomplete reflection of the connotation of sustainable
development goals.

In response to the connotation of SDG 11.7, this study establishes a total of 11 indica-
tors that encapsulate various aspects of SDG 11.7. “Safety”, represented by the Sa indicator,
is previously described using crime rate data [38]. However, to overcome the limitations of
statistical data, this article devises an index computed through spatial analysis methods.
“Inclusiveness” is portrayed by the Per, NNI, Do, and Eq indicators, drawing inspiration
from human geography indicators related to the allocation of public resources. These
indicators reflect inclusiveness from different perspectives. For example, the indicator Per
primarily reflects inclusiveness by assessing whether the configuration of public spaces
meets the needs of all residents, while the indicators Do, NNI, and Eq, reflect inclusive-
ness by evaluating the spatial equity of public space distribution and its ability to cover
vulnerable groups.

“Accessibility” is manifested through Ne, Ac, and NNI, with the core Ac indicator
assessing residents’ capacity to access public spaces after considering competition. The
aforementioned indicators have been widely used in studies involving resources such
as healthcare and green spaces [22], but they only reflect a portion of the connotation
of SDG 11.7. This is also the reason why this study integrated indicators from different
sources to reflect the entire connotation of SDG 11.7. “Greenness” is reflected by Qa, Ac,
Per, Sh, and Es, drawing primarily from definitions of relevant indicators in landscape
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ecology to characterize a city’s sustainable development level [27]. It should be noted that
indicators related to landscape ecology are rarely used in the study of SDG11.7, resulting
in a lack of relevant research reflecting its “greenness” connotation. The improvements
presented in this article provide a reference for future research.

In view of the inclusion connotation of SDG 11.7, that is, the issue of equity, this study
only reflects the meaning of spatial equity but does not provide relevant indicators of social
equity [39]. This exclusion is due to the unavailability of comprehensive socio-economic
data for residents in China. To ensure the model’s applicability, the SDG 11.7 indicator
framework does not include indicators related to social equity.

However, the robustness analysis has shown that introducing elements that reflect
some aspects of social equity within the constraints of available data can enhance the
accuracy of the assessment without unduly affecting the overall results. Therefore, we
have employed apartment complex house prices as a proxy for certain socio-economic
characteristics of residents. Through correlation analysis between house prices and SDG
performance, the study has identified a substantial positive correlation between the level
of sustainable development and residents” economic strength. This finding is further
substantiated by both Mood’s Median and the Jonckheere-Terpstra test. Mood’s Median
test reveals significant variations in sustainable development levels among regions with
differing economic strengths, while the Jonckheere-Terpstra test confirms that sustainable
development levels rise concomitant with increased economic strength. Hence, it is justifi-
able for us to introduce an indicator Eq (Table 1) that partially encapsulates the connotation
of social equity and make revisions to the outcomes of the multi-scale evaluation model of
SDG 11.7 so as to verify the hypothesis stated earlier.

This study defines residents of apartment complexes in the lowest 10% of housing
prices as low-income groups. Subsequently, service thresholds (2 km, 1.5 km, 1 km, and
0.5 km) based on public space quality are used to create buffers and to count the number of
low-income individuals within these buffers. Finally, the equity indicator Eq is calculated
as the ratio of the number of low-income individuals with access to public space resources
to the total number of low-income individuals. Notably, areas exhibiting higher equity
levels in Xi’an are predominantly concentrated in the central urban area and the Qujiang
New Area (Figure 10). The introduction of this equity indicator significantly reduces
uncertainty at the street block scale as well. Broadly speaking, this additional indicator has
a minor impact on the overall spatial pattern of sustainable development at the 54 scale.
The most notable changes occur within the High-tech Zone and the Chanba Ecological
Zone. Upon introducing the Eq indicator, the sustainable development performance of
the old urban area in the High-tech Zone decreases, while the performance of the newly
developed area in the High-tech Zone improves. Conversely, the performance of the old
urban area in the Chanba Ecological Zone improves, while the performance of the newly
developed area declines. Given the slower development pace of the old urban area, these
results suggest that without considering the connotation of social equity, there may be
a risk of underestimating the determination of economically driven urban new areas to
achieve SDGs and overestimating the focus of ecologically oriented urban new areas on
social equity.
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Figure 10. Revised spatial pattern of SDG 11.7 status of Xi’an. (a) Result of indicator Eq. (b) Revised
52 performance. (c) Revised S4 performance. (d) Uncertainty after the addition of the indicator Eq.

4.2. Weakening the Impact of Scale-Related Issues to Promote Governance Capacity at All Levels
of Government

In the context of urban sustainable development, the absence of a multi-scale perspec-
tive might introduce bias into the assessment process [40]. Some studies have demonstrated
differences in sustainable development assessment outcomes between multi-scale and
single-scale approaches [35]. Consequently, some studies have highlighted the significance
and complexity of selecting the optimal scale [41]. The model introduced in this article es-
tablishes development goals based on different scales, aiming to reduce the impact of scale
issues as much as possible, thereby achieving a more precise simulation of the SDG 11.7
patterns and guiding policy implementation.

Currently, two scale-related issues warrant discussion: the modifiable areal unit
problem (MAUP) and ecological fallacy [42,43]. The MAUP comprises scale effects and
zoning problem—where scale effects refer to variations in statistical results caused by
aggregating data into smaller or larger geographical units, while zoning problems signify
result variations due to different partitioning schemes at a given scale. The ecological
fallacy refers to biases or even completely contradictory outcomes when conclusions drawn
at a specific scale are extrapolated to other scales [44].

The scale effect has a significant impact on the results of this study. When the scale
gradually shrinks, some statistical indicators undergo dramatic shifts; that is, the negative
externality is aggravated [45] when one of two adjacent spatial units achieves a high score
in sustainable development due to the presence of public spaces, while the other languishes
at a very low level of sustainable development due to a lack of such spaces. Although
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this scale effect is inevitable, we must point out that the sustainable development of local
region cannot be disregarded even if the public space of its adjacent areas is sufficient. This
discovery contradicts the notion that smaller scales yield more precise indicators. Although
spatial indicators may enhance accuracy at the micro-level, the statistical indicators become
less stable due to intensified edge effects. Given that edge effects cannot be entirely resolved
or mitigated, our recourse is to exercise greater caution in indicator selection. This means
reflecting the essence of SDGs through the simplification of indicators and the reduction of
indicator redundancy.

The zoning problem is primarily evident at the county scale. Owing to the variations
in the shapes and sizes of administrative divisions, certain areas with low sustainable
development scores at the micro-level are influenced by their neighboring regions within
the same county, resulting in what can be termed the “illusion of prosperity.” Consequently,
total quantity-based indicators may not accurately portray the sustainability of these areas.
In recognition of the administrative unity within the county, we have made efforts to employ
indicators that underscore the principle of equality to mitigate this impact. For instance,
this article incorporates the use of indicators Es and Su to represent the SDG 11.7 level at
the S3 scale. Additionally, we utilize the coverage indicator Co to alleviate the influence of
zoning effects. Nonetheless, some scholars argue that data integration in statistical issues
related to ecological fallacy might mask the needs of the most marginalized and vulnerable
groups, as they merely reflect an overall improvement at the macro-level [10].

Overall, this article solves the problem of administrative responsibility misalignment
caused by the mismatch between scale and development goals from a multi-scale perspec-
tive. However, it is crucial to acknowledge that the inherent scale-related disparities in
assessment outcomes cannot be entirely eliminated. We strive to minimize these effects by
employing the mentioned methodology and carefully selecting appropriate indicators to
enhance the overall accuracy of the results.

4.3. Contributions and Limitations

SDG 11.7 is currently a focal point in urban sustainability assessments, with numer-
ous studies analyzing the spatiotemporal evolution of SDG 11.7 patterns across different
regions. However, the neglect of SDG 11.7’s connotation and scale issues in these studies
is concerning. This article addresses these gaps, with key contributions, including (1) the
development of a top-down sustainable development indicator framework that reflects the
four aspects of SDG 11.7; (2) the establishment of a multi-scale assessment method for SDG
11.7 by setting development goals for different levels of administrative entities; and (3) the
validation of the indicator framework and assessment method using Xi’an as a case study.
Together, these elements constitute the uniqueness of this article.

Although the model constructed in this paper is set against the backdrop of Chinese
cities, it has potential relevance for urban planning and sustainability assessments in other
countries or regions. First, the connotation of SDG 11.7 is collectively agreed upon by
UN member states, confirming the recognition of its four aspects—safety, inclusiveness,
accessibility, and greenness—by most countries. Second, when establishing development
goals for different administrative levels, this article emphasizes the progressive relation-
ship between government levels and their development priorities (access, allocation, and
overall quantity of public spaces), which is consistent with the administrative logic of
most countries. Although different cities may have variations in the reasonable scale for
selecting allocation and total quantity indicators, the use of indicators that reflect access
issues at the micro-scale has been extensively validated. Of course, the indicator framework
constructed in this article to assist governments at different levels in addressing issues
of access, allocation, and total quantity of public spaces may face localization challenges.
However, the indicators, such as accessibility and greening rates, developed in this article
have been widely used in SDG 11.7 research across various regions, thereby providing
guidance for policy formulation by governments at corresponding levels in those areas.
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Inevitably, this study is not without its limitations. Firstly, data acquisition heavily
relies on visual interpretation, especially the digitization of residential areas and public
spaces, which is a time-consuming process. With the advancements in machine learning,
some scholars have successfully employed algorithms to recognize and extract spatial
features [46]. It is anticipated that in the future, urban sustainable development assess-
ment can be accomplished entirely by computer-based methods. Secondly, the SDG 11.7
indicator framework exhibits shortcomings in adequately reflecting the connotation of
social equity, necessitating supplementation with statistical data. Thirdly, while the article
highlights that the choice of the number of indicators and fluctuations in indicator scores
contribute to result uncertainty and sensitivity, it does not provide a specific number of
indicators or sensitivity thresholds that could significantly reduce these biases. Future
research could involve applying this model to other cities and conducting comparative
analyses to determine more appropriate numbers of indicators and sensitivity thresholds,
thereby further optimizing the indicator framework. Lastly, concerning the types of public
spaces, this article does not encompass agricultural landscapes such as cultivated land on
the outskirts of urban areas within the assessment. However, some studies have under-
scored that these agricultural landscapes contribute to ecological protection for cities and
offer recreational and scenic services to urban residents, particularly those residing at the
urban periphery [47]. This omission may lead to an underestimation of the sustainable
development level in urban fringe areas.

5. Conclusions and Outlook

This article proposes a multi-scale assessment model for SDG 11.7 using a top-down
problem-solving approach. The model integrates 11 indicators across three scales to com-
prehensively reflect the connotation of SDG 11.7, which includes safety, inclusiveness,
accessibility, and greenness. By setting development goals for different levels of govern-
ment and fully capturing the connotation of SDG 11.7, this study primarily fills the gap
of neglecting the connotation of SDG 11.7 and scale issues in related research. In testing
the model in Xi’an city, the model accurately assesses the sustainable development level of
public spaces at the scales of apartment complex, street block, and county. Through scale
transformation, we obtain the spatial pattern of SDG 11.7 at the urban level and identify
areas requiring focused attention. Additionally, the model demonstrates strong robustness.

We believe that this model can be applied to monitor SDG 11.7 in other cities. First,
by reflecting the connotation of SDG 11.7, the government can identify which aspects
of public space need improvement rather than engaging in blind development. Second,
by setting reasonable development goals for different levels of administrative entities,
the model clarifies governmental responsibilities, significantly enhancing management
efficiency. Finally, by providing the spatial pattern of SDG 11.7, managers can identify areas
requiring focused attention. These advantages can help administrative entities effectively
formulate policies and actions that balance environmental and development issues, thereby
addressing the development imbalances and responsibility misalignments among various
levels of government in promoting the sustainable development of public spaces. Future
research can continue to improve the model’s ability to reflect social equity connotations,
such as by utilizing big data to develop spatial indicators instead of relying solely on
statistical data, further enhancing the model’s applicability and extending it to sustainability
assessments of different social resources like housing, healthcare, and transportation.

Author Contributions: Conceptualization, K.W. and J.B.; methodology, X.D.; software, K.W.; valida-
tion, X.D.; formal analysis, K.W. and X.D.; investigation, K.W.; resources, K.W.; data curation, KW.;
writing—original draft preparation, K.W.; writing—review and editing, K.W. and ].B.; visualization,
X.D.; supervision, J.B.; project administration, K-W. and J.B.; funding acquisition, J.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by National Natural Science Foundation of China, grant
number 42271289.



Land 2024, 13, 1750 18 of 19

Data Availability Statement: Data will be made available on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Giles-Corti, B.; Lowe, M.; Arundel, ]. Achieving the SDGs: Evaluating indicators to be used to benchmark and monitor progress
towards creating healthy and sustainable cities. Health Policy 2020, 124, 581-590. [CrossRef] [PubMed]

2. Rutt, RL.; Gulsrud, N.M. Green justice in the city: A new agenda for urban green space research in Europe. Urban For. Urban
Green. 2016, 19, 123-127. [CrossRef]

3. Chen, Q.; Du, M,; Cheng, Q.; Jing, C. Quantitative Evaluation of Spatial Differentiation for Public Open Spaces in Urban Built-Up
Areas by Assessing SDG 11.7: A Case of Deqing County. ISPRS Int. J. Geo-Inf. 2020, 9, 575. [CrossRef]

4. Aguilar, R.; Kuffer, M. Cloud Computation Using High-Resolution Images for Improving the SDG Indicator on Open Spaces.
Remote Sens. 2020, 12, 1144. [CrossRef]

5. Xu, M.; Xin, J.; Su, S.; Weng, M.; Cai, Z. Social inequalities of park accessibility in Shenzhen, China: The role of park quality,
transport modes, and hierarchical socioeconomic characteristics. J. Transp. Geogr. 2017, 62, 38-50. [CrossRef]

6.  Rigolon, A. Parks and young people: An environmental justice study of park proximity, acreage, and quality in Denver, Colorado.
Landsc. Urban Plan. 2017, 165, 73-83. [CrossRef]

7. Ye, Y,;Richards, D,; Lu, Y.; Song, X.; Zhuang, Y.; Zeng, W.; Zhong, T. Measuring daily accessed street greenery: A human-scale
approach for informing better urban planning practices. Landsc. Urban Plan. 2019, 191, 103434. [CrossRef]

8. Li, Z;Fan, Z,; Song, Y.; Chai, Y. Assessing equity in park accessibility using a travel behavior-based G2SFCA method in Nanjing,
China. J. Transp. Geogr. 2021, 96, 103179. [CrossRef]

9.  Gupta, K;; Roy, A.; Luthra, K.; Maithani, S. GIS based analysis for assessing the accessibility at hierarchical levels of urban green
spaces. Urban For. Urban Green. 2016, 18, 198-211. [CrossRef]

10.  Ulbrich, P; Porto de Albuquerque, J.; Coaffee, ]. The Impact of Urban Inequalities on Monitoring Progress towards the Sustainable
Development Goals: Methodological Considerations. ISPRS Int. |. Geo-Inf. 2018, 8, 6. [CrossRef]

11.  Akuraju, V,; Pradhan, P; Haase, D.; Kropp, J.P.; Rybski, D. Relating SDG11 indicators and urban scaling—An exploratory study.
Sustain. Cities Soc. 2020, 52, 101853. [CrossRef]

12.  Gazzeh, K.; Abubakar, L.R. Regional disparity in access to basic public services in Saudi Arabia: A sustainability challenge. Util.
Policy 2018, 52, 70-80. [CrossRef]

13.  Klopp, ].M.; Petretta, D.L. The urban sustainable development goal: Indicators, complexity and the politics of measuring cities.
Cities 2017, 63, 92-97. [CrossRef]

14. Zheng, W,; Shen, G.Q.; Wang, H.; Hong, J.; Li, Z. Decision support for sustainable urban renewal: A multi-scale model. Land Use
Policy 2017, 69, 361-371. [CrossRef]

15. Tan, PY.; Samsudin, R. Effects of spatial scale on assessment of spatial equity of urban park provision. Landsc. Urban Plan. 2017,
158, 139-154. [CrossRef]

16. Li, J.; Huang, X.; Chuai, X.; Yang, H. The impact of land urbanization on carbon dioxide emissions in the Yangtze River Delta,
China: A multiscale perspective. Cities 2021, 116, 103275. [CrossRef]

17.  Wang, Q.; Liu, C,; Hou, Y,; Xin, F; Mao, Z.; Xue, X. Study of the spatio-temporal variation of environmental sustainability at
national and provincial levels in China. Sci. Total Environ. 2022, 807, 150830. [CrossRef]

18. Russell, B. Beyond the Local Trap: New Municipalism and the Rise of the Fearless Cities. Antipode 2019, 51, 989-1010. [CrossRef]

19. Purvis, B.; Mao, Y.; Robinson, D. A multi-scale integrated assessment model to support urban sustainability. Sustain. Sci. 2021, 17,
151-169. [CrossRef]

20. Wang, L.; Cao, X,; Li, T.; Gao, X. Accessibility Comparison and Spatial Differentiation of Xi’an Scenic Spots with Different Modes
Based on Baidu Real-time Travel. Chin. Geogr. Sci. 2019, 29, 848-860. [CrossRef]

21. Zhou, Z; Li, M. Spatial-temporal change in urban agricultural land use efficiency from the perspective of agricultural multi-
functionality: A case study of the Xi’an metropolitan zone. . Geogr. Sci. 2017, 27, 1499-1520. [CrossRef]

22. Wang, K;; Bai, J.; Dang, X. Spatial Difference and Equity Analysis for Accessibility to Three-Level Medical Services Based on
Actual Medical Behavior in Shaanxi, China. Int. ]. Environ. Res. Public Health 2020, 18, 112. [CrossRef]

23. Xing, L.; Liu, Y,; Liu, X. Measuring spatial disparity in accessibility with a multi-mode method based on park green spaces
classification in Wuhan, China. Appl. Geogr. 2018, 94, 251-261. [CrossRef]

24. Mao, K; Chen, Y;; Wu, G.; Huang, J.; Yang, W.; Xia, Z. Measuring Spatial Accessibility of Urban Fire Services Using Historical Fire
Incidents in Nanjing, China. ISPRS Int. ]. Geo-Inf. 2020, 9, 585. [CrossRef]

25. Tang, C.; Guo, X.; Zhou, G.; Wu, J.; Chen, W. Spatial distribution and influencing factors of innovation platforms in urban
agglomerations of the middle reaches of the Yangtze River Basin. Prog. Geogr. 2020, 39, 531-541. [CrossRef]

26. Lucas, K.; van Wee, B.; Maat, K. A method to evaluate equitable accessibility: Combining ethical theories and accessibility-based
approaches. Transportation 2015, 43, 473-490. [CrossRef]

27. Strong, W.L. Biased richness and evenness relationships within Shannon-Wiener index values. Ecol. Indic. 2016, 67, 703-713.

[CrossRef]


https://doi.org/10.1016/j.healthpol.2019.03.001
https://www.ncbi.nlm.nih.gov/pubmed/30935701
https://doi.org/10.1016/j.ufug.2016.07.004
https://doi.org/10.3390/ijgi9100575
https://doi.org/10.3390/rs12071144
https://doi.org/10.1016/j.jtrangeo.2017.05.010
https://doi.org/10.1016/j.landurbplan.2017.05.007
https://doi.org/10.1016/j.landurbplan.2018.08.028
https://doi.org/10.1016/j.jtrangeo.2021.103179
https://doi.org/10.1016/j.ufug.2016.06.005
https://doi.org/10.3390/ijgi8010006
https://doi.org/10.1016/j.scs.2019.101853
https://doi.org/10.1016/j.jup.2018.04.008
https://doi.org/10.1016/j.cities.2016.12.019
https://doi.org/10.1016/j.landusepol.2017.09.019
https://doi.org/10.1016/j.landurbplan.2016.11.001
https://doi.org/10.1016/j.cities.2021.103275
https://doi.org/10.1016/j.scitotenv.2021.150830
https://doi.org/10.1111/anti.12520
https://doi.org/10.1007/s11625-021-01080-0
https://doi.org/10.1007/s11769-019-1073-8
https://doi.org/10.1007/s11442-017-1449-6
https://doi.org/10.3390/ijerph18010112
https://doi.org/10.1016/j.apgeog.2018.03.014
https://doi.org/10.3390/ijgi9100585
https://doi.org/10.18306/dlkxjz.2020.04.001
https://doi.org/10.1007/s11116-015-9585-2
https://doi.org/10.1016/j.ecolind.2016.03.043

Land 2024, 13, 1750 19 0f 19

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Li, M.; Zhou, Z. Positive and negative ecosystem services evaluation and its spatial pattern analysis on urban landscape: A case
study of Xi’an City. Acta Geogr. Sin. 2016, 71, 1215-1230.

Li, L.; Du, Q.; Ren, F; Ma, X. Assessing Spatial Accessibility to Hierarchical Urban Parks by Multi-Types of Travel Distance in
Shenzhen, China. Int. ]. Environ. Res. Public Health 2019, 16, 1038. [CrossRef]

Yin, J.; Xu, S.; Jing, Y.; Yin, Z.e.; Liao, B. Evaluating the impact of fluvial flooding on emergency responses accessibility for a
mega-city’s public services: A case study of emergency medical service. Acta Geogr. Sin. 2018, 73, 1737-1747.

Liu, R.; Tai-chee, W.; Liu, S. The informal housing market in Beijing’s rural areas: Its formation and operating mechanism amidst
the process of urbanization. Geogr. Res. 2010, 29, 1355-1358.

Zhu, Z.; He, Q.; Qin, W. Spatial Livability of Residential Areas in Changsha City. Sci. Geogr. Sin. 2020, 40, 1859-1867.

Xu, Z.; Chau, S.N.; Chen, X,; Zhang, ].; Li, Y.; Dietz, T.; Wang, J.; Winkler, J.A.; Fan, F; Huang, B.; et al. Assessing progress towards
sustainable development over space and time. Nature 2020, 577, 74-78. [CrossRef] [PubMed]

Wu, H,; Jiang, Z.; Lin, A.; Zhu, W.; Wang, W. Analyzing spatial characteristics of urban resource and environment carrying
capacity based on Covert-Resilient-Overt: A case study of Wuhan city. Acta Geogr. Sin. 2021, 76, 2439-2457.

Yigitcanlar, T.; Dur, F,; Dizdaroglu, D. Towards prosperous sustainable cities: A multiscalar urban sustainability assessment
approach. Habitat Int. 2015, 45, 36—46. [CrossRef]

Huang, X,; Li, H.; Zhang, Y.; Xie, L. Research and Evaluation of Accessibility of Xian City Park Green Space Based on Population
Discretization and Transportation Network Analysis. Remote Sens. Inf. 2014, 29, 98-102.

Peng, L.; Zhang, L.; Li, X.; Wang, P.; Zhao, W.; Wang, Z.; Jiao, L.; Wang, H. Spatio-Temporal Patterns of Ecosystem Services
Provided by Urban Green Spaces and Their Equity along Urban-Rural Gradients in the Xi’an Metropolitan Area, China. Remote
Sens. 2022, 14, 4299. [CrossRef]

Venter, Z.S.; Shackleton, C.; Faull, A.; Lancaster, L.; Breetzke, G.; Edelstein, I. Is green space associated with reduced crime? A
national-scale study from the Global South. Sci. Total Environ. 2022, 825, 154005. [CrossRef]

Boisjoly, G.; Serra, B.; Oliveira, G.T.; El-Geneidy, A. Accessibility measurements in Sao Paulo, Rio de Janeiro, Curitiba and Recife,
Brazil. . Transp. Geogr. 2020, 82, 102551. [CrossRef]

Wen, X.; Deng, X.; Zhang, F. Scale effects of vegetation restoration on soil and water conservation in a semi-arid region in China:
Resources conservation and sustainable management. Resour. Conserv. Recycl. 2019, 151, 104474. [CrossRef]

Pang, B.; Zhao, J.; Zhang, ].; Yang, L. Calculating optimal scale of urban green space in Xi’an, China. Ecol. Indic. 2023, 147, 110003.
[CrossRef]

Fernandez, I.C.; Wu, J. Assessing environmental inequalities in the city of Santiago (Chile) with a hierarchical multiscale approach.
Appl. Geogr. 2016, 74, 160-169. [CrossRef]

Lee, S.-I; Lee, M.; Chun, Y,; Griffith, D.A. Uncertainty in the effects of the modifiable areal unit problem under different levels of
spatial autocorrelation: A simulation study. Int. J. Geogr. Inf. Sci. 2018, 33, 1135-1154. [CrossRef]

Buyantuyev, A.; Wu, J.; Gries, C. Multiscale analysis of the urbanization pattern of the Phoenix metropolitan landscape of USA:
Time, space and thematic resolution. Landsc. Urban Plan. 2010, 94, 206-217. [CrossRef]

Nicholls, S. Measuring the accessibility and equity of public parks: A case study using GIS. Manag. Leis. 2001, 6, 201-219.
[CrossRef]

Zhou, Y.; Smith, SJ.; Elvidge, C.D.; Zhao, K.; Thomson, A.; Imhoff, M. A cluster-based method to map urban area from
DMSP/OLS nightlights. Remote Sens. Environ. 2014, 147, 173-185. [CrossRef]

Song, B.; Robinson, G.M.; Zhou, Z. Agricultural transformation and ecosystem services: A case study from Shaanxi Province,
China. Habitat Int. 2017, 69, 114-125. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijerph16061038
https://doi.org/10.1038/s41586-019-1846-3
https://www.ncbi.nlm.nih.gov/pubmed/31894145
https://doi.org/10.1016/j.habitatint.2014.06.033
https://doi.org/10.3390/rs14174299
https://doi.org/10.1016/j.scitotenv.2022.154005
https://doi.org/10.1016/j.jtrangeo.2019.102551
https://doi.org/10.1016/j.resconrec.2019.104474
https://doi.org/10.1016/j.ecolind.2023.110003
https://doi.org/10.1016/j.apgeog.2016.07.012
https://doi.org/10.1080/13658816.2018.1542699
https://doi.org/10.1016/j.landurbplan.2009.10.005
https://doi.org/10.1080/13606710110084651
https://doi.org/10.1016/j.rse.2014.03.004
https://doi.org/10.1016/j.habitatint.2017.09.008

	Introduction 
	Materials and Methods 
	Study Area, Data Source, and Processing 
	A Top-Down Indicator Framework for Problem-Solving at Different Levels 
	Multi-Scale Evaluation Method for Urban SDG 11.7 Monitoring 

	Results 
	Multi Scale Monitoring of SDG 11.7 in Xi’an City 
	Validation of the Model Robustness 

	Discussion 
	The Embodiment of Connotation of SDG 11.7 in the Indicator Framework 
	Weakening the Impact of Scale-Related Issues to Promote Governance Capacity at All Levels of Government 
	Contributions and Limitations 

	Conclusions and Outlook 
	References

