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Abstract: The distribution of urban parks is closely related to the opportunities of daily use by
residents as well as the performance of the park system. The question as to whether parks are
distributed equitably within cities is therefore becoming the focus of attention. However, only a
few studies have explored a comprehensive and systematic procedure for urban park accessibility
analysis and equity evaluation. In this study, by applying an improved two-step floating catchment
area (25FCA) method and K-means cluster analysis, based on the application of multi-source data,
we provide insights into an equity study on park accessibility at the neighborhood scale and urban
ring scale in the central urban area of Zhengzhou. These results suggest that the spatial access to
parks in Zhengzhou is generally unevenly distributed among neighborhoods, and both the mean
and standard deviation of accessibility show an increase from the center to the periphery. The cluster
analysis reveals a set of four types of neighborhoods, including a high-supply medium-demand
medium-accessibility type (HMM), a low-supply medium-demand low-accessibility type (LML), a
high-supply low-demand high-accessibility type (HLH), and a medium-supply high-demand low-
accessibility type (MHL), each with different characteristics and causes. The spatial distribution of
the accessibility types exhibits both similarities and differences between the urban rings. The findings
of this study could serve as a tool for identifying areas in which parks are underserved and the ways
in which they differ from other areas, which can guide urban planning to address specific inequities.

Keywords: public green space; urban park catchment area; improved supply and demand; park
quality; urban neighborhoods; Baidu Maps API

1. Introduction

In addressing the social differentiation and spatial segregation in the process of ur-
banization, spatial equity during the process of urban regeneration among cities around
the world has been receiving increasing attention [1-10]. Especially in China, most cities
have experienced extremely rapid urbanization in recent decades. Urban social space is
characterized by heterogeneity and complexity [11,12], and presents a series of conflicts, in
particular, serious residential segregation problems and inequitable availability of public
resources. With growing concerns about this issue, promoting social equity and justice has
become crucial for Chinese governments in formulating urban development policies.

Parks are an important part of urban landscapes, providing environmental, social, and
economic benefits to urban areas [13-16]. In addition, they are widely recognized to play a
vital role in enhancing the quality of urban life by providing significant public health and
sustainability benefits to urban communities [14,17-19]. The distribution of urban parks is
closely related to the daily access opportunities of residents, as well as the performance
of park systems [20]. The question as to whether parks, as essential public facilities and
services, are equitably distributed in the urban space has therefore always been a focus
of attention.
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Plenty of studies have examined the equity of urban parks by measuring accessibil-
ity [10,21-24], which considers spatial distribution of supply and demand as well as the
impact of individual mobility. However, the general geographic approach usually uses
park size and proximity to represent the supply of parks, ignoring general preference for
different kinds of parks [19,23,25]. Only a few studies have incorporated park quality
indicators including features and conditions in the assessment of park services [10,24,26].
Additionally, most of the literature on equity has emphasized the identification of distribu-
tional disparity and underserved areas within the study area, while failing to examine the
causes behind the spatial differences. To advance comprehensive and systematic equity
research and targeted strategy development, it is necessary to investigate spatial patterns
of supply, demand, and accessibility.

Our study aims to perform a comprehensive analysis of spatial accessibility of parks
at multiple scales based on an improved 2SFCA method, combined with multi-source big
data and site survey data, while incorporating K-means cluster analysis for a systematic
evaluation of park equity in the central urban area of Zhengzhou. This paper is structured
as follows. Section 2 reviews the existing literature on equity and accessibility measures in
order to develop our theoretical framework. Section 3 describes the study area, and the
data source and processing. Section 4 explains the improved 25FCA method and K-means
cluster analysis adopted for equity evaluation. Section 5 presents the analysis and results of
spatial accessibility and equity. Section 6 summarizes the main contributions and discusses
the limitations. Finally, we conclude and outline practical implications in Section 7.

2. Literature Review
2.1. Accessibility Measurements

Spatial accessibility has gradually become one of the key conceptual approaches to
examining urban patterns and processes, especially public resource allocation [22,27-30].
The concept of spatial accessibility was first proposed by Hansen [31] and defined as “the
potential of opportunities for interaction”. Basically, accessibility measures mainly involve
the interaction of four spatial and non-spatial components: the spatial distribution of
potential destinations, the ease and time of reaching each destination, the type and force of
attractiveness of services, as well as individual needs and preferences for services [32,33].
For public facilities and services such as parks and green spaces, hospitals, and schools,
the concept of accessibility is of great significance in terms of spatial equity. By effectively
correlating the locations of public facilities with population groups, accessibility can in-
tuitively reflect individuals” use opportunities with respect to public facilities. Therefore,
accessibility is an important metric for measuring equity [34-36]. Various models and
methods have been developed to evaluate access to public facilities and services, which
can generally be divided into three main types:

1.  Buffer analysis method [37] and network-constrained service area method [38], us-
ing a predefined distance/time as the search radius to identify the population covered
by a particular public facility or to calculate the number/size of public facilities acces-
sible to a specific location. They implicitly assume that public facilities are equally
enjoyed within the covering range, which is not true. In addition, it has difficulty
determining the threshold distance/time, especially when distinguishing between
different types of public facilities. Furthermore, these accessibility measures lack
consideration of residents” demand.

2. The nearest distance method and the minimum cost method [20,25] assume that
residents always choose the closest or most convenient public facilities to visit. How-
ever, accessibility is not necessarily better, the shorter the distance is from a given
area to public facilities. Since residents have other considerations besides proximity,
such as a likely preference for parks of better quality and with larger spaces that may
nevertheless be further away, the supply factors of public facilities are not properly
considered in accessibility measurements.
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3. Gravity-based model [26,28,39] and two-step floating catchment area method [24,40,41]
measure the spatial accessibility by the sum of the possibility of multiple facility
choices at each demand location. They incorporate the effects of the size/attraction
and spatial friction, but this needs to be estimated based on empirical access behavior.
The larger the sum of the potentials, the better the accessibility. Compared with the
other two types of methods, such models take into account both supply and demand
sides, and thus can more comprehensively reflect residents” access to public facilities.

As a special case of the gravity-based model [42], a two-step floating catchment area
method improved by Luo and Wang [40] has become one of the most commonly employed
and developed methods. Subsequently, through a series of explorations in the aspects
of spatial scale, search radius, distance decay, supply and demand estimation, travel
modes, user groups, etc., the rationality of this accessibility measurement is gradually
enhanced [24,29,30,35,43].

2.2. Measuring Access to Parks

While extensive research on park accessibility suggests inequitable access in cities
around the world, significant gaps remain in how park access is defined. There are many
studies that highlight only one aspect of park accessibility or a single park attribute, such as
examining travel distance/time cost to the nearest park, and the number of parks covered
or the total park area available within a certain travel range. The validity of the findings is
limited, since such approaches disregard what kind of parks are available to the residents
of the surrounding areas. In addition to access cost and size, park quality is also a key
parameter, including recreational opportunities, landscape features, maintenance etc., that
has a large impact on park visits and use [10,18,26,44]. Additionally, park category needs
to be considered, as it determines different values of per capita park area from a design
perspective, and thus affects actual park accessibility. Developing an integrated approach to
model park access, incorporating park proximity, size, category, and quality, has important
implications for objectively evaluating urban park accessibility.

The difficulty of current accessibility research lies in obtaining high-precision demand
data. Estimates of population demand from existing accessibility studies in China rely
primarily on census data. However, the census data are aggregated on a relatively rough
scale, such as at the district and sub-district level, which is difficult to match with the
actual layout scale of urban parks, thus affecting the accurate assessment of accessibility
differences and identification of underserved areas in cities. Therefore, population data of
small-scale units (e.g., communities and neighborhoods) are needed to more effectively
reveal the details of variations in park accessibility.

Travel cost is one of the key factors in measuring park accessibility [8,45]. Traditionally,
it is mainly measured by travel distance based on the road network analysis through GIS.
However, this approach ignores actual traffic conditions and thus may lead to deviations
from reality. To address this limitation, the Application Programming Interface (API) of
open map service was introduced to provide real-time navigation data on travel time.
On the one hand, focusing on travel time rather than travel distance is more in line with
social reality. In this way, on the other hand, travel cost measurement between origin and
destination points can reflect factors that affect actual travel time and speed, such as traffic
congestions, speed limits, turn restrictions, and other conditions [34,46,47]. Given more
accurate and convenient measurement compared to traditional methods, it has gradually
been applied to collect travel cost data in recent park accessibility studies [11,19,48].

2.3. Research Purpose and Contributions

To fill the conceptual and methodological limitations of the above reviews, we focus
on three specific questions in this study: (1) How to effectively measure the accessibility
of urban parks? (2) What are the characteristics of accessibility distribution both at the
neighborhood scale and the urban ring scale? (3) What is the accessibility pattern across
the city and how do accessibility types differ? First, this study applies an improved 2SFCA
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method to measure park accessibility, combining park quality with size and category to
comprehensively describe park supply, and considering selection probability of residents
among multiple available parks. Additionally, residents” demand is refined by population
estimation for neighborhood-scale units. In addition, the measurement of travel cost is
improved by applying real-time navigation data. Second, park accessibility is analyzed
spatially and statistically both at the neighborhood scale and urban ring scale, so that the
characteristics of accessibility distribution can be examined. Lastly, by using K-means
cluster analysis, we reveal the accessibility patterns as well as causes behind the spatial
accessibility differences. Accordingly, targeted improvement decisions can be made. The
findings of this study could serve as a tool for identifying areas of urban park shortage and
how they differ from other areas, which can guide urban planning and landscape design to
address specific inequities. The research framework is shown in Figure 1.

Real-time )
. Map analysis
navigation

Map analysis
Field survey

Supply of parks Travel cost Demand of population

A

» Capacity » «  Walking mode * Neighborhood unit
e Quality *  Optimal time * Resident estimate

Attraction Tmproved Selection
coefficient of 2SFCA method proba'blhty of
parks residents
Scale of . o . ] Scale of
neighborhoods Spatial accessibility of public parks |[«— urban rings
Accessibility
Average. travel tl'me Komeans cluster Spatial patterns of
Population density . supply-demand-
. analysis s
Total park size accessibility
Total park quality index

Figure 1. Research framework for accessibility analysis and equity evaluation of urban parks.

3. Study Area and Data Preparation
3.1. Study Area

Zhengzhou is the capital of Henan Province in central China, located on the North
China Plain and the south bank of the Yellow River. In 2016, the city was designated as
a “National Central City” and became a new first-tier city in China. During the rapid
urbanization process in recent decades, the central urban area of Zhengzhou has gradually
expanded from the center to the periphery in the form of concentric rings. By the end of
2019, there were five rings, defined by four main urban ring roads (Figure 2), with an area
of about 1010.3 km? and a population of 5.22 million (Zhengzhou Municipal Bureau of
Statistics). Compared with the outer rings, the inner two rings have higher population
density, building density and urban functions. In 2019, Zhengzhou's per capita park area
reached 14.5 m? (Zhengzhou Municipal Bureau of Statistics), which was at a relatively high
level compared with Shanghai’s per capita park area of 8.4 m? (Shanghai Municipal Bureau
of Statistics). Zhengzhou was approved as one of the National Ecological Garden Cities
in 2020. However, previous studies have shown that park allocation varies widely in our
study area [48-50].
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Figure 2. Geography, topography and the five rings of development in Zhengzhou, Henan Province.

3.2. Data Source and Processing
3.2.1. Data on Supply of Parks

Regarding supply, the attributes of parks, including size, category and quality were
applied to comprehensively consider the supply effect of parks. We extracted the AOI
(Area of Interest) of parks through a widely used map platform in China, Amap (https:
//ditu.amap.com/ (accessed on 9 October 2022)). A total of 163 urban public parks
in the central urban area of Zhengzhou were included, ranging from 1 ha to 374 ha in
size. As specified in the Standard for Classification of Urban Green Space (CJ]/T85-2017),
there were 41 urban parks, 31 theme parks, 19 community parks, and 72 linear parks
(Figure 3). Urban parks and theme parks are designed to attract citizens from the entire city.
Community parks and linear parks are mainly built to meet the demand of the surrounding
residential areas. Given that actual entrances can affect the scope of services provided by
parks, multiple entrances to each park were used as supply points rather than geographic
centroids [20,37,51]. Through Google Earth image recognition combined with on-site
investigations, a total of 864 entrances of these parks were identified. To measure park
quality, we assessed the facilities and amenities within each park, and also the presence or
absence of water bodies, based on fieldwork and Google Earth imagery. The ratio of tree
coverage was derived from high-spatial-resolution GF-2 satellite imagery (2017), classified
and calculated in ArcGIS 10.8.
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Figure 3. Spatial distribution of parks and population density in the central urban area of Zhengzhou.

3.2.2. Data on Demand of Population

For demand, the centroid of each neighborhood was used to reflect the demand loca-
tion of potential visitor population of parks. The neighborhood population was calculated
and aggregated at residential building level. The AOI data of neighborhoods and residen-
tial buildings were obtained through Baidu Maps, one of the most popular Chinese map
platforms (https:/ /map.baidu.com/ (accessed on 9 October 2022)). In the central urban
area of Zhengzhou, a total of 4180 neighborhoods and 49,397 residential buildings were
identified after data screening and cleaning. The residential building data includes the foot-
print area and the number of floors. According to the 2019 Zhengzhou Statistical Yearbook,
the per capita living area is 31 m2. Thus, the number of residents in each neighborhood
were estimated as follows. The calculated total population of each district has been verified
to be roughly in line with the 2019 demographic data.

= SN
P = —_ 1
l; R 1

where P denotes the potential population of the neighborhood; S; is the footprint area of
each residential building  in the neighborhood; N; is the number of floors corresponding to
each residential building /; R is the per capita living area; and 7 is the number of residential
buildings in the neighborhood.

3.2.3. Data on Travel Cost

The travel time was obtained using the API service of Baidu Maps based on the
actual travel situation between two geographic locations within the study area. Taking
the entrances of 163 parks as destination points and the centroids of 4180 neighborhoods
as origin points, we collected the optimal time cost of several travel paths from each
neighborhood to the different entrances to each park in walking mode. Figure 4 presents
an example visualization where path 1 takes the shortest time from the neighborhood to
the park, and thus 9 min is filtered into the database. Walking is the main mode for urban
residents to reach the parks on a daily basis. The travel time threshold, t), was designated
as 30 min, since this represents the maximum time that can be widely accepted for routine
park visits [11,24]. While real-time traffic conditions can affect the travel time by public
transport and driving even on the same travel route, the actual time cost is less affected
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when walking on sidewalks. Therefore, the variation in acquisition time due to the large
amount of data made little difference for our results.
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Figure 4. Example of travel path and time cost visualization in walking mode of Baidu
Maps Navigation.

4. Methodology
4.1. Improved 2SFCA Method

The classic two-step floating catchment area (2SFCA) model takes into account both
supply and demand factors. It has been extensively applied to evaluate access to public
facilities and services, thus providing an important foundation for our study. In terms of
supply, urban parks of higher quality levels and greater service capacity are positively cor-
related with higher rates of park access and use. Therefore, several studies have introduced
park quality and park capacity to assess park supply [18,24].

For park quality, we described residents’ destination parks on the basis of facilities
and amenities, water features, and tree canopy. According to previous studies [44,52,53],
these are the major characteristics of park quality that influence park visits. Facilities and
amenities were assessed regarding the presence and condition of three aspects, specified
in “Code for the design of public parks (GB51192-2016)": recreational amenities, service
amenities, and management facilities. During on-site investigations, all selected parks
were classified into five grades, from 0 to 1, representing the amenities provided as from
excellent to bad facilities (Table 1). Water features and tree canopy were scored separately,
based on the presence of water bodies and the ratio of tree coverage. Additionally, the
weights of the three variables were calculated using the AHP (Analytical Hierarchy Process)
method. The park quality index is the sum of three weighted variable values for each park,
expressed as follows.

Qi =Y WV, ()
i—1

where Q; denotes the quality index of park j; W; is weight of variable i; V; is the value of
variable i corresponding to park j; and # is the number of variables.
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Table 1. Variables of the park quality index.

Variables Description Score Weights
Excellent as 1;
Recreational amenities; Good as 0.75;
Facilities and amenities Service amenities; Fair as 0.5; 0.8421
Management facilities Poor as 0.25;
Bad as0
Water features Presence of water bodies Yes as 1; 0.1053
Noas0
. >50% as 1;
Tree canopy The ratio of tree coverage <50% as 0.5 0.0526

Regarding park capacity, this is affected by park category in addition to park size.
Park capacity was expressed as the ratio of park size to per capita park area. According
to “Code for the design of public parks (GB 51192-2016)", the per capita park area varies
by park category, with urban parks and linear parks set to 60 m?, and theme parks and
community parks set to 30 m?. We applied the attraction coefficient Sj to substitute park
size by combining park quality and park capacity to comprehensively reflect the supply
effect of parks. This enhanced model is expressed as follows.

A

where S; denotes the attraction coefficient of park j; A is the park size of park j; Ay, is the
per capita park area corresponding to the category of park j; and Q; is the quality index of
park j.

The Gaussian decay function [54] was developed to solve spatial friction problems.
It can reflect the law that the relationship between supply and demand weakens with
the increase in spatial distance. In addition, it is widely used in spatial accessibility
measurement of parks, expressed as follows.

(/)% (i/0)2 _ _(1/2)
G(tij) = i (tj < o) @)
0 (tij > i’o)

Given the competition among multiple available parks, recent improved models have
only considered the impact of travel impedance on both demand of population and supply
of parks [51,55].However, in addition to travel cost, differences in supply effects among
multiple available parks can also affect residents” selection probability. Residents may
prefer to visit parks with not only shorter travel time, but also greater appeal. To address
this issue, Luo [56] drew on a Huff model to improve the selection weights by introducing
park capacity together with travel impedance, without considering park quality. Xing [24]
developed the selection probability involving park attractiveness, travel cost, and travel
impedance, while the impact of distance decay was doubled into account. We refined the
selection probability Proby; of residents in a neighborhood among multiple available parks
to improve the weighted estimation of potential demand and supply, as shown below.

5iG ;)
Eke{fkjéfo} 5iG(t)

Probk]- =

©)

Therefore, in the first step, through travel impedance coefficient G(t;;) and selection
probability coefficient Proby;, the population of neighborhoods within the travel time
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threshold of each park was adjusted, and then summed to represent each park’s potential
visitors. The supply demand ratio R; for each park is defined as follows.

S.
R; = ! (6)
J Zke{tkjgto} Proby; PG (t;;)

In the second step, the supply demand ratio corresponding to the parks within
the travel time threshold of each neighborhood was calculated and weighted by travel
impedance coefficient G(t;;) and selection probability coefficient Proby;. These weighted sup-
ply demand ratios were then summed to obtain park accessibility A; for each neighborhood,
as shown below.

Ai = Z PTObk]R]G(tl]) (7)
je{t<to}

In Formulas (4)-(7), above, Proby; denotes the selection probability of population
at k visiting park j; S; is the attractiveness of park j; t; is the travel time from k to j; ¢,
represents the travel time threshold; G( t,-j) is the travel impedance coefficient; Rj denotes
the supply/demand ratio of park j; Py is the population of neighborhood k; and A; denotes
the park accessibility in neighborhood i.

The improved model is expected to provide an overall evaluation of park accessi-
bility by comprehensively considering the supply of public parks (including park size,
category and quality), the demand of neighborhood residents, travel costs, and residents’
selection probability.

4.2. K-Means Cluster Analysis

Based on neighborhood-scale spatial accessibility, a cluster analysis was performed
to identify various accessibility types and regions and explore spatial similarities and
differences in park accessibility. In various cluster analysis methods, K-means is extensively
applied because of its simplicity and efficiency. We adopted it to cluster the major factors
with respect to supply, demand, and accessibility, including accessibility, average travel
time, population density, total park size, and total park quality index (Table 2). By trying
different clustering schemes for three to eight categories, respectively, in SPSS 27, the
appropriate number of clusters was determined. Then, the results were imported into
ArcGIS 10.8 for spatial visualization. The clusters can reflect accessibility patterns as well
as explain the causes behind spatial accessibility differences.

Table 2. Factors involved in clustering.

Factors Description
o Accessibility value calculated for each neighborhood by
Accessibility improved 2SFCA method
. Average travel time to parks within a 30-min walk of
Average travel time .
each neighborhood

The ratio of the population of each neighborhood to the

Population density corresponding neighborhood area
Total park size Total area of parks within a 30-min walk of each neighborhood
- Total quality index of parks within a 30-min walk of
Total park quality index each neighborhood

5. Results
5.1. Spatial Accessibility based on Improved 2SFCA Method

Statistical analysis indicated significant differences in accessibility distribution among
neighborhoods (Table 3), with a mean of 0.038 and a standard deviation of 0.119. A total of
82.18% of the neighborhoods have lower accessibility than the city average. Additionally,
the proportion of underserved neighborhoods (<0.01) is significantly high, with a value of
about 32.78%.
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Table 3. Statistical analysis of neighborhood accessibility.

Mean Standard Deviation Below-Average Neighborhoods  Underserved Neighborhoods

Accessibility 0.038 0.119 82.18% 32.78%

The underserved neighborhoods are defined as those with an accessibility value below 0.01.

The graphs (Figure 5) show that the park accessibility of each ring is obviously differ-
ent, and thus it is a demonstration of unfairness. From the city center to the city fringe, both
the average accessibility and the standard deviation of neighborhoods increases. The inner
rings have lower average accessibility due to dense population and relatively insufficient
parks. The outer rings have a higher standard deviation of accessibility, which is related
to the imbalanced distribution of parks. In terms of neighborhoods with below-average
accessibility, the inner rings have a significantly higher share than the outer rings, while
the outer rings have an apparently higher percentage of underserved neighborhoods than
the inner rings, which is also consistent with the change in standard deviation.

0.9 *—Below average —e— Underserved
0.8 _ _ 100 92 92
E a\° 90 L] o,
‘= 0.7 g
i g 80 72
8 0.6 b : 69
g £ 70 .
= 0.5 )
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(@) (b)

Figure 5. Statistical analysis across urban rings: (a) neighborhood accessibility; (b) proportion of
below-average and underserved neighborhoods. Error bars indicate standard deviation.

According to the classification of the geometric interval method, the accessibility value
of the overall neighborhoods was grouped into six grades (Figure 6). Overall, the map
highlight that park accessibility is not equally distributed across the city. The areas with
high accessibility are relatively agglomerated around large lakes and major rivers due to
a few large waterfront parks such as Xiliu Lake Park and Dongfeng Canal Park. Several
neighborhoods with extremely low accessibility are primarily distributed in the southwest
of the first ring, the south and east of the second ring, the west of the third ring, and the
north of the fourth ring, where parks are generally lacking and far from large and high-
quality parks. Additionally, there is an apparent linear extension trend of low accessibility
from northwest to southeast within the third ring road affected by the main railway line.
Since areas along the railway line has been dominated by industrial and warehouse land in
the historical development of the city, there are few urban parks planned around. As the
population increased during urbanization, residential land expanded along the railway
line, yet away from parks.
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Figure 6. Spatial distribution of park accessibility value.

5.2. Equity Evaluation Based on K-Means Cluster Analysis

K-means cluster analysis was performed on 4030 neighborhoods after deducting
neighborhoods with no data and extremely high accessibility. We identified the optimal
clusters of four accessibility types based on five major factors (accessibility, average travel
time, population density, total park size, and total park quality index). Table 4 shows the
final cluster centers. By comparing the mean values of each factor of the clusters, typical
attributes of each accessibility type and the way these types differ from each other were
revealed. Each cluster was named separately for factor characteristics (high, medium, or
low) in terms of supply, demand, and accessibility.

Table 4. Final cluster centers.

HMM LML HLH MHL
Neighborhood (numbers) 997 2494 228 311
Population ratio (%) 20% 56% 11% 13%
Accessibility —0.00866 —0.25272 3.0144 —0.15549
Average travel time —0.1629 0.11978 —0.41835 —0.13161
Population density —0.20521 —0.18257 —0.34133 2.3722
Total park size 0.39058 —0.42391 3.03554 —0.07804
Total park quality index 1.19771 —0.46355 —0.15096 —0.01162

Except for the number of neighborhoods and population ratios, the above data were transformed to standard
normal distribution by means of Z-score normalization.

The distinguished accessibility regions were mapped in Figure 7, revealing accessibility
patterns across the city. The high-supply medium-demand medium-accessibility type
(HMM) is mainly distributed within the third ring, comprising 997 neighborhoods and 20%
of the population. The total park quality index of these neighborhoods is the highest due to
their proximity to urban parks and theme parks in good conditions. However, the supply of
total park size is relatively not high, so the accessibility level is moderate. The low-supply
medium-demand low-accessibility type (LML) is primarily located within the fourth ring.
This cluster has the majority of neighborhoods (2494) and population (56%) of all the
clusters. However, both total park size and total park quality index in cluster LML are
the lowest, and the average travel time is the longest. Consequently, these neighborhoods
have the lowest accessibility among the four categories. The high-supply low-demand
high-accessibility type (HLH) is mostly situated around city lakes both in the eastern and
western areas of the city. This is the smallest group, with only 228 neighborhoods and
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11% of the population. It has the lowest population density but the highest total park size.
Furthermore, the average travel time is the shortest, so the accessibility is the highest of all
the clusters. Due to proximity to large waterfront parks, these neighborhoods have become
livable places on the periphery of the central urban area. The medium-supply high-demand
low-accessibility type (MHL) is spread across the city, with 311 neighborhoods and 13% of
the population. These neighborhoods have the highest population density. In contrast, the
supply of total park size and quality is relatively insufficient, thus the corresponding level
of accessibility is low.

K-means clusters
N HMM

LML

HLH
B MHL

- Ring roads

Figure 7. Neighborhood clusters in terms of supply, demand, and accessibility (based on accessibility,
average travel time, population density, total park size, and total park quality index).

The graph (Figure 8) shows that the spatial distribution of accessibility types has
both similarities and differences between urban rings. The low-supply medium-demand
low-accessibility type (LML) is the most widely distributed, with more than half of the
neighborhoods in each ring. This indicates that the low accessibility of neighborhoods
within each ring is mainly affected by park supply shortages. The second-highest propor-
tion of neighborhoods is high-supply medium-demand medium-accessibility type (HMM)
in the inner rings, and high-supply low-demand high-accessibility type (HLH) in the outer
rings. This suggests that for neighborhoods with a high supply of parks, the outer rings
have higher accessibility due to a lower demand than in the inner rings. In addition,
the proportion of neighborhoods in the medium-supply high-demand low-accessibility
type (MHL) showed an overall decreasing trend from the city center to the city fringe.
This shows that, compared to the outer rings, the inner rings have more low-accessibility
neighborhoods because of the high demand.
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Figure 8. Statistical analysis across urban rings of the proportion of four accessibility types
of neighborhoods.

6. Discussion

The output of this study is primarily threefold. One is the improved modeling of
urban park accessibility combined with the application of multi-source big data and site
survey data, the second is to explore a comprehensive and systematic procedure for urban
park accessibility analysis and equity evaluation and the third is the empirical findings and
solutions for decision making at multiple urban scales in Zhengzhou.

We used a supply—demand improved 2SFCA method to evaluate spatial accessibility
and equity, particularly introducing the attraction coefficient of parks and selection proba-
bility of residents, which has been statistically validated against empirical results based
on traditional 2SFCA methods [24]. Specifically, for our study, the attraction coefficient
of parks combined the park size, category and quality based on efficient big data and
on-site investigation data. Selection probability of residents among multiple available
parks was quantified by combining the park attractiveness and travel impedance. This was
applied as selection weights to both steps of the model to fit possible supply and demand
relationship. In terms of the demand, the population of the neighborhood-scale unit was
estimated based on residential building attributes (including footprint area and floors)
derived from map service platform, rather than rough administrative unit demographics.
Additionally, we used travel time instead of travel distance to measure travel cost based on
real-time navigation data, which can more accurately reflect the actual travel situation of
residents and is relatively more convenient than traditional data collection. Overall, the
accuracy of the park accessibility measurement has been improved in terms of both the
model and data. Then, the spatial patterns, differences, and causes of park accessibility
were further examined by K-means cluster analysis. By clustering the results of five main
factors (accessibility, average travel time, population density, total park size, and total park
quality index), we got integrated spatial patterns of supply, demand, and accessibility for
neighborhoods and thus revealed how these regions differ from each other. This study
illustrates the feasibility and limitations of the research framework for park accessibility
and equity evaluation in the central urban area of Zhengzhou, which can be flexibly applied
to other cities with the use of appropriate data following the approach.

The results reveal, both spatially and statistically, that the access to parks in Zhengzhou
is generally unevenly distributed among neighborhoods and between urban rings. Addi-
tionally, the cluster analysis identified four types of neighborhoods as well as causes behind
the spatial accessibility differences. Specific to different types of regions, the following
solutions may help reduce spatial disparity in urban park accessibility. First, parks should
be increased or expanded for underserved neighborhoods. Regarding neighborhoods in
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crowded built environments, surrounding underused and neglected land can be efficiently
used to increase pocket parks while reducing travel time [57]. Second, for densely pop-
ulated neighborhoods, limited opening of nearby high-quality green enclosures or the
application of dual-use parks on certain types of open spaces (such as schoolyards and
rooftops) can well balance the supply and demand of parks [58]. Third, as the quality
of a park can significantly impact visitor numbers [17,26,59], unpopular parks should be
improved by involving community members in the park development process with regard
to renovation and management [57], including increasing the diversity of facilities and
amenities, enhancing the appeal of landscape features, and paying attention to maintenance.
Fourth, in areas with higher travel time, road connectivity between parks and surrounding
neighborhoods can be improved by increasing sidewalk density and adding entrances to
large parks. Specifically, better connections over the railway axes could facilitate improved
park accessibility. Finally, residential area planning should be integrated with urban park al-
location to manage land use patterns around parks from the perspective of urban planning,
so that parks can fully serve the nearby residents.

This research has several limitations that may be addressed in the future. First, it
uses a unified indicator system to characterize park attractiveness to the whole population,
regardless of the visitor preferences of different groups in terms of park quality and type.
With the help of a detailed social survey, a pre-analysis of residents’ park usage behavior
and opinions of various groups can better reflect their subjective needs for parks. Second,
numerous studies have shown that the distribution of urban parks tends to differ between
different social groups [10,17,54,60]. Therefore, combined with detailed demographic data,
comparative studies of park accessibility across age or income groups can be conducted to
reveal underserved groups and then develop proper strategies to achieve social equity in
parks. Third, transit to parks by other modes, including public transport and personal cars,
was not considered, while several related studies have confirmed different results [11,50,55].
Additionally, with the exception of walking in the walkable concept, access to parks
on bicycles, skates, etc., may be appreciated, but was rarely discussed, which can be
incorporated into studies to match the specific situation of park visits in different cities.
Finally, based on survey data or urban big data, such as mobile phone data and social
media data, of residents” actual park visits, the match between calculated accessibility and
actual access can be measured to further verify the accuracy of our accessibility evaluation.

7. Conclusions

In this study, an attempt was made to establish a comprehensive and systematic
procedure for urban park accessibility analysis and equity evaluation by applying a supply-
demand improved 2SFCA model and K-means cluster analysis, based on multi-source
data. Accordingly, we conducted a case study at the neighborhood scale and urban ring
scale in the central urban area of Zhengzhou. The results show that access to parks is
not equitable among neighborhoods across the city. In addition, the mean and standard
deviation of accessibility both show an increasing trend from the center to the periphery.
All the neighborhoods are broadly clustered into four accessibility types, each with different
characteristics and causes. The spatial distribution of accessibility types has both similarities
and differences between urban rings. An equity study on park accessibility could guide
decision makers and urban planners to target underserved neighborhoods and formulate
effective policies and strategies aimed at urban park equity.
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Abstract: The high level of energy consumption of buildings has outlined the need for more sus-
tainable and environmentally friendly constructions, which has led to cave houses now being more
highly valued. This study looks to study whether sustainable constructions, such as cave houses,
have an economic impact with regard to other construction types in the real estate market in Granada.
Moreover, this study looks to determine whether energy rating is a relevant characteristic for the price
of cave houses and whether the price determinants vary according to whether the house in question
is a cave house or a single-family one. To develop this study, a final sample of 61,573 properties was
used. A regression model estimated by ordinary least squares was performed. This study shows that
cave houses are being marketed at higher prices than single-family houses. It was noted that energy
rating is not an important characteristic for estimating the price of a cave house. Finally, in this type
of housing, refrigeration equipment is not one of the determining characteristics for the price.

Keywords: cave houses; hedonic regression model; house sale prices; price determinants; energy rating

1. Introduction

In the history of architecture, caves were man’s first refuge or house, and, despite
now being in disuse, they were once one of the most widespread construction types in
the world. Housing, since its beginnings, has been evolving and adapting throughout the
centuries according to the human and social needs of the time; structures were made with
local materials and techniques and were adapted to the local climate. Both the industrial
revolution and the huge demographic explosion caused excessive urban development [1],
which resulted in the current worldwide problem of high energy consumption in buildings,
being above both the transport and industry sectors [2]. This consumption is mainly due to
the demand for electricity needed for a heating, ventilation, and air-conditioning (HVAC)
system and the use of household appliances [3].

The main result of this has been the implementation of politics that favor the improve-
ment of energy efficiency in the European Union (EU) [4-7], which have been integrated
into a series of decrees in Spain [8,9]. As a result, there is a need to look for more sustainable
and environmentally friendly construction solutions.

Cave houses are considered to be a sustainable housing typology as they are built
using a construction type that utilizes the thermal inertia of the land. As a result, the
interior temperature of the house scarcely changes throughout the different seasons of the
year, which allows for thermal comfort to be ensured in the interior of the house without
the need for additional energy inputs (air-conditioning or heating) [10,11]. Cave houses are
also considered sustainable because of the combination of social, economic, and cultural
factors [12-14].

There are different studies on cave houses (Figure 1a) that address different lines
of research, such as: (1) the importance of preserving and maintaining architectural her-
itage [15,16]; (2) the importance of assessing the application of bioclimatic strategies used
for cave houses in present-day constructions [17]; (3) the importance of analyzing thermal
comfort or whether the ventilation in cave houses is adequate; [10,18-25]; and (4) the
psychological and physiological problems associated with this type of construction [26,27].
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(b)

Figure 1. (a) Cave house in the Baza area. (b) Single-family houses in Guadix town. Source: own
elaboration.

Moreover, several studies have been carried out in which it has been noted that the
buyers of single-family houses (Figure 1b) are willing to pay more if a house is more
efficient [28—42]. A broader overview regarding housing prices and energy ratings can be
found in the work by [43,44].

Cave houses are excavated in the rock itself, normally with vaulted forms for a better
transmission of the upper loads, and may or may not have attached constructions. They
are made up of one or more cavities where the usual activities and living and sleeping
are carried out. The walls and vaulted ceilings are finished with a lime coating and the
most rustic pavements are made with the ground itself or with a layer of cement. As a
consequence of the current housing needs, these constructions have been adapted and
improved, increasing the number of interior spaces and improving the qualities and facilities.

The single-family houses are characterized by having a structure based on load-bearing
walls or reinforced concrete structures. They are usually distributed in a living—dining
room, kitchen, bathroom and bedrooms. The most common materials used are ceramic
bricks covered with plaster for the vertical partitions; the floors are usually made of
natural or artificial stone, ceramic tiles or wood; and the ceilings can be made of plaster or
plasterboard.

Vernacular architecture is one of the most widespread types of architecture in Spain
and is specifically used for housing. Authors such as [45-48] have confirmed that society
has changed its attitude towards cave houses and considers this type of construction to
be sustainable. However, has this change in attitude been reflected in the asking price
of this type of construction? As far as the authors are aware, there have been no studies
that analyze the prices of cave houses. The lack of results in the literature has resulted in
new research questions. Firstly, as cave houses are considered sustainable, does this mean
that they are marketed at higher prices than single-family houses? Secondly, is energy
rating a relevant characteristic for cave houses? Thirdly, if the interior of a cave house is
maintained at a constant temperature throughout the year, would an HVAC system be a
price-determining feature?

The main objective of this study was to determine the economic impact that cave
houses have with regard to single-family houses in the real estate market in the province of
Granada (Spain). The secondary objective of this study was to understand whether energy
rating and HVAC systems are relevant characteristics when determining the price of a
cave house.

The first hypothesis that was put forward for the study (H;) was that cave houses are
being marketed at higher prices than single-family houses. The second hypothesis that
was proposed (H) was that energy ratings for cave houses are a relevant characteristic.
The third hypothesis generated (Hjz) was that the availability of an HVAC system is not a
determining characteristic for the price of cave houses. However, it is for single-family houses.

The estimates made from the regression model showed that cave houses are marketed
at higher prices than single-family houses. It was also observed that energy ratings and
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the availability of air-conditioning are not determining characteristics for the price of
cave houses.

This document is organized as follows: the first section includes the introduction,
objectives and hypotheses. The second section denotes the materials and the methods used,
outlining the sources that were employed and the database generated. The third section
details the results. The fourth section denotes the discussion, and finally, Section 5 explains
the conclusions obtained.

2. Materials and Methods

To understand what characteristics determine the asking price of a house, an ordinary
least squares (OLS) hedonic regression model was performed. This type of analysis began
to be used with the “New Consumer Theory” developed by Lancaster [49]. Later, Ridker
and Henning [50] used the regression model in the housing market for the first time.
Authors such as Zietz et al. [51] noted that a hedonic regression analysis is typically
used to identify the marginal effect that a set of characteristics has on housing prices. In
terms of heterogeneous goods such as housing, the hedonic methodology allows for the
effect of each characteristic on the price to be estimated [52]. Currently, this is one of the
most used methodologies for determining the economic premium generated by different
characteristics.

2.1. Population and Sample

The database consisted of cave houses and single-family houses offered for sale in the
province of Granada (Andalusia). This province is located in the south of Spain and has

10 regions or comarcas ! (Figure 2a).

Almeria

(a)

Figure 2. (a) Map of the Granada province with the delimitation of the comarcas and municipalities
(own elaboration); (b) Towns with cave dwellings in Spain, own elaboration based on [12] (p. 3,
Figure 2).

The interest and selection criteria for this territory were due to the fact that cave
houses are a traditional construction in Spain. The province of Granada and the province
of Almeria have the highest concentration of cave houses and have developed them the
most in the country [45,53] (Figure 2b).

The representativeness of the sample was verified using the equation for large or
infinite populations when the exact size of the component units is unknown [54]. Using a
confidence level of 95% (z,,» = 1.96), a probability level of p = 0.50 and a sample size of
N = 61,573, a maximum error of 0.39% (0.0039) was estimated, which guaranteed a high
statistical precision of the sample.

The main information sources were two real estate portals. The first was idealista,
which was used between June 2017 and March 2018, and the second was habitaclia, which
was used between June 2019 and January 2021. During these time periods, information
on the houses offered was collected, and data about the characteristics of the houses were
extracted. A geographic information system (GIS) was then used to provide the location
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and neighborhood information from other sources of information. Data from the population
and housing census tract by the National Institute of Statistics were used [55]. Each house
was assigned information about the type of occupation (vacant, main residence and second
residence) as well as the socio-demographic characteristics of the population (dependency,
aging, foreign population and level of education).

The research had several limitations. Firstly, a limitation was the lack of information
from official sources about the real transaction prices and housing characteristics. Another
limitation was the possible errors in the information or the omission of information on the
prices and/or characteristics of the houses that were offered on the two real estate portals.

With regard to the first limitation, authors such as [56-59] suggest that real estate
asking prices are an adequate substitute for transaction prices. Moreover, there are stud-
ies that analyze the effect of the housing characteristics on the price, using listing price
information from real estate portals due to the lack of information from other official
sources [35,39,60-64].

In terms of the second limitation, the data was preprocessed so that properties with
missing data could be identified and discarded. As a result, 3030 properties were discarded.
To identify the atypical values in the quantitative variables, a limit of three standard
deviations was established for the set of values [65,66]. As a result, 595 properties were
discarded. The final sample consisted of 61,573 properties.

2.2. Data

To identify the most important variables in the estimate of the single-family house
prices, a literature review was carried out, which is shown in Table 1.

Table 1. Variables used by other authors for the determination of single-family house prices.

Category Characteristics References

House surface area [51,67-74]

Number of bedrooms

[70,71,75,76]

Number of bathrooms or toilets

[69-72,76,77]

Availability of air conditioning [51,69,70]
Availability of heating [69,76-79]
Awailability of fireplace [71,72,76,77,80]
House characteristics Availability of built-in closets [81,82]
Availability of furniture -
Newly built housing [83-85]
House typology [71,74,75,86,87]
Parking [70,76,77,80]
Garden [51,67,68]

Swimming pool

[51,69,74,77,80,84]

Energy rating [34,38,41,75,86,88]
Location characteristics Location within the territory or the city [67,68,74-77,86]
Age of the population [37,89,90]
) o Number of foreigners [87,89,91]
Neighborhood characteristics
Level of studies [79,87,92]
Type of house occupancy [71,72,79]

Based on the information received, 40 variables were obtained, as summarized in
Table 2. The variables were ordered according to three categories. House characteristics
(A); Location characteristics (B); and Neighborhood characteristics (C). The unit with which
each variable was measured, a brief description of the variable and the descriptive statistics
are indicated.
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Table 2. Set of variables that make up the study, with their units, description and descriptive statistics.

Continuous Variables

Dummies Variables

Category Variable Unit Variable Description
Mean SD Min. Max. Coding. Freq. %
Dependent variable. The natural log of
Ln_Price numerical  the property price offered by the seller (in 12.105 0.668 9.2 14.8
EUR).
Area_m2 numerical Built area of the house (sqm), gross 214854 111884 200 17460
square meters of the house.
Bedrooms numerical Number of bedrooms in the house. 3.806 1.375 1.0 29.0
Bathrooms numerical Number of bathrooms. 2.348 1.023 0.0 11.0
Toilets numerical Number of toilets. 0.193 0.456 0.0 10.0
Air_cond dummy Availability of air conditioning (=1). (1) With 21,005 34.1
Heating dummy Availability of heating (=1). (1) With 24,170 39.3
Fireplace dummy Availability of fireplace (=1). (1) With 2080 3.4
Closet dummy Availability of built-in closets (=1). (1) With 5458 8.9
R Furnished_house dummy Availability of furniture (=1). (1) With 3768 6.1
E Newly built housing that can be: a
z New_construction dummy project, under construction, or less than 3 (1) With 343 0.6
3 years old (=1).
o
= . .
§ Cave_house dummy Indicates whether the property has this (1) With 440 07
S typology (=1).
)
§ Parking dummy Availability of garage slot (=1). (1) With 37,618 61.1
Garden dummy Availability of garden (=1). (1) With 6219 10.1
Pool dummy Availability of swimming pool (=1). (1) With 22,482 36.5
Letter_A dummy (1) With 285 0.5
Letter_B dummy (1) With 166 0.3
Letter_C dummy (1) With 279 0.5
Letter D dummy Indicates if the dwelling has an energy (1) With 1021 17
— rating: letters A, B, C, D, E, F or G, or has
Letter_E dummy no energy rating label. (1) With 2923 4.7
Letter_F dummy (1) With 684 11
Letter_G dummy (1) With 1066 1.7
Not_EPC dummy (1) With 55,149 89.6
Alhama dummy (1) With 520 0.8
Alpujarra_Granadina dummy (1) With 886 14
) Baza dummy (1) With 651 11
:§ Costa_Granadina dummy (1) With 5137 8.3
S Guadix dummy Identifier of the comarca: Alhama, (1) With 603 1.0
§ Alpujarra Granadina, Baza, Costa Granadina,
% Huescar dummy Guadix, Huéscar, Loja, Los Montes, Valle de (1) With 230 0.4
B Loja dummy Lecrin and Vega de Granada. (1) With 1073 17
E Los_Montes dummy (1) With 462 07
Valle_Lecrin dummy (1) With 2240 3.6
Vega_Granada (Ref.) dummy (1) With 49,771 80.8
Dependency ratio (sum of the population
Dependency_ratio numerical aged >64 and <16/population aged 0.474 0.133 0.0 1.8
@) 16-64).
v
= . . Aging index (population aged
§ Elderly_index numerical >64/population aged 0-15). 0.836 0.863 0.0 11.5
s Foreigners_pct numerical Percentage of foreign population. 6.152 7.183 0.0 52.6
3
=~ . .
= No_studiespct ~ numerical Percentage of population without 8449 6620 00 448
S education.
=~
=~ . .
£ University_pct  numerical Percentage of the population with 18780 10822 0.0 58.5
o university studies.
o
= Secondary_pct numerical Percentage of vacant dwellings and 12.537 14.273 0.0 81.9
Vacant_pct numerical secondary. 18.058 9.711 0.0 75.7

Figure 3 shows the location of the cave houses (Figure 3a) and single-family houses
(Figure 3b) analyzed within the territory. Regarding the distribution of prices, it can be
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noted that in the center of Granada and on the coast, unit prices (€/m?) are higher than in
the rest of the regions of the province (Figure 3c,d). At the same time, it can also be noted
that there is a higher percentage of cave houses with high ratings (letters A, B and C) with
respect to the sample of single-family houses (Figure 3e,f).
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Figure 3. (a) Spatial distribution of cave houses; (b) Spatial distribution of single-family houses;

(c) Bar chart with unit prices according to house typology and comarca; (d) Kernel density map with

unit prices of the complete sample of houses (euros/ m?); (e) Chart of the energy rating distribution of

cave houses by comarca; (f) Chart of the energy rating distribution of single-family houses by comarca.
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2.3. Methodology

The regression model was estimated by ordinary least squares (OLS) with a semi-
logarithmic functional form, as this facilitated the interpretation of the coefficients as
average percentage premiums. Moreover, this reduced problems of heteroscedasticity
and improved the goodness of fit of the data [58,93]. The model used had the following

expression:
n

m

In(P) =a+ ) BiXij+ Y, 1D +¢ ¢))
j=1 k=1

where:

"2,

In (P;) is the natural logarithm of the advertised asking price for the house “i”;
« is the fixed component, it does not depend on the market;

"z,

B; is the parameter to estimate related to the characteristic “j”;
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Xij is the continuous variable that collects the characteristic “j” of the observation “i”;
Y is the parameter to estimate related to the characteristic “k”;
Dji is the dummy variable that collects the characteristic “k” of the observation “i”;

¢; is the error term in the observation “i”.

The model was estimated three times. The first estimate was for the complete set
of observations. The other two estimates corresponded to the subsamples according to
whether the houses were cave houses or single-family houses. This was in such a way that
the results obtained made it possible to compare the determining characteristics for each
group. The SPSS for Windows version 26 IBM Corp. statistical package [94] was used to
perform this analysis, using the listwise deletion method.

3. Results
Regression Analysis

To determine whether the estimates reach the adequate level of quality, the following
checks were carried out: the normality of the population; ensuring that there are no specifi-
cation problems in the estimates (no multicollinearity, heteroscedasticity or autocorrelation);
the statistical significance of the estimates; and, finally, whether the proportion of variance
estimated is high (R?).

The normality of the population was tested through the use of a histogram (Figure 4a)
and a normality plot of the residuals (Figure 4b), which showed that the sample is a normal
distribution. Multicollinearity was verified by using the VIF statistic (variance inflation
factor). Many authors suggest that collinearity problems exist if any VIF is greater than
10 [95,96]. In the three estimates carried out, the majority of the VIF values are found
to be between 1 and 3.5, which leads to the conclusion that there are no problems due
to multicollinearity. Heteroscedasticity is analyzed with a scatter plot of the residuals
(Figure 4c), and no serious problems of heteroscedasticity are found, showing a random
distribution of the residuals. The existence of autocorrelation is checked with the Durbin-
Watson statistic, obtaining the closest values to two in all the estimates, suggesting the
absence of autocorrelation in the residuals [97,98]. The significance of each estimate is
measured with the Snedecor’s F test and is statistically significant. The coefficient of
determination (adjusted R?) of the estimates is shown in Table 3. and an explanatory power
of 69% is obtained for estimates 1 and 3 and 81% for estimate 2. In summary, it can be said
that the estimates reach a sufficient level of robustness and statistical significance to make
them acceptable for inference.
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Figure 4. Graphs of the estimate 1: (a) Histogram and normal curve of the standardized residual
error; (b) Normal P-P plot of regression standardized residual; (c) Scatter plot of the predicted values
and standardized errors.

Table 3. OLS model results for the different estimates depending on the selected sample (Estimate 1:

full sample; Estimate 2: cave houses and Estimate 3: single-family houses).

. Estimate 1: Estimate 2: .Estimate 3
Category Variable Full Sample Cave Houses Sm]g{l;;};::r:ﬂy
Intercept 10.536 *** (0.011) 10.633 *** (0.304) 10.539 *** (0.011)
Area_m2 0.002 *** (0.000) 0.001 *** (0.000) 0.002 *** (0.000)
Bedrooms 0.026 *** (0.001) 0.038 ** (0.014) 0.025 *** (0.001)
Bathrooms 0.157 *** (0.002) 0.238 *** (0.025) 0.154 *** (0.002)
Toilets 0.108 *** (0.004) 0.092 (0.065) 0.108 *** (0.004)
Air_cond 0.053 *** (0.003) -0.012 (0.067) 0.054 *** (0.003)
Heating 0.114 *** (0.004) 0.472 ** (0.079) 0.113 *** (0.004)

Fireplace —0.004 (0.009) 0.134 * (0.067) -0.006 (0.009)
Closet 0.067 *** (0.006) 0.139 (0.084) 0.066 *** (0.006)
Furnished_house 0.071 *** (0.006) 0.299 *** (0.086) 0.068 *** (0.006)
New_construction 0.069 *** (0.020) - 0.069 *** (0.020)

House characteristics Cave_house 0.053 ** (0.019) - -

@ Parking 0.081 *** (0.003) 0.157 * (0.062) 0.083 *** (0.003)
Garden 0.097 *** (0.006) 0.101 (0.086) 0.098 *** (0.006)
Pool 0.198 *** (0.004) 0.149 (0.101) 0.200 *** (0.004)
Letter_A 0.090 *** (0.023) 0.311 (0.275) 0.086 *** (0.023)
Letter_B 0.139 *** (0.030) 0.179 (0.259) 0.142 *** (0.030)

Letter_C 0.006 (0.024) 0.379 (0.364) 0.005 (0.023)
Letter_D 0.052 *** (0.014) - 0.052 *** (0.014)

Letter_E Ref. Ref. Ref.

Letter_F -0.011 (0.016) -0.096 (0.263) -0.014 (0.016)
Letter_G -0.073 *** (0.013) 0.359 (0.233) -0.076 *** (0.013)
Not_EPC 0.047 *** (0.007) 0.085 (0.147) 0.047 *** (0.007)
Alhama -0.315 ***(0.017) - -0.316 *** (0.017)
Alpujarra_Granadina -0.337 *** (0.014) - —-0.336 *** (0.014)
Baza -0.472 **(0.016) -0.646 *** (0.167) -0.444 ** (0.017)
Costa_Granadina 0.211 *** (0.007) - 0.213 *** (0.007)
Location characteristics Guadix -0.262 *** (0.016) —0.464 ** (0.164) -0.233 *** (0.017)
(B) Huescar -0.545 *** (0.026) -0.779 *** (0.183) -0.484 *** (0.028)
Loja -0.179 *** (0.013) - -0.179 ***(0.013)
Los_Montes -0.394 *** (0.019) - —0.383 *** (0.019)
Valle_Lecrin ~0.174 *** (0.009) - -0.174 ** (0.009)

Vega_Granada Ref. Ref. Ref.
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Table 3. Cont.

. Estimate 1: Estimate 2: .Estimate 3
Category Variable Full Sample Cave Houses Smlg_lle-Famlly
ouses
Dependency_ratio 0.146 *** (0.013) 0.075 (0.243) 0.151 *** (0.013)
Elderly_index 0.041 *** (0.002) -0.111 ** (0.038) 0.042 *** (0.002)
Foreigners_pct 0.007 *** (0.000) 0.020 *** (0.005) 0.006 *** (0.000)
Chlu\’r Zgg’f fs’t’:g;”fc ) No_studies_pct ~0.003 *** (0.000) 0.001 (0.006) ~0.003 *** (0.000)
University_pct 0.018 *** (0.000) 0.014 * (0.006) 0.018 *** (0.000)
Secondary_pct -0.001 *** (0.000) -0.001 (0.003) -0.001 *** (0.000)
Vacant_pct ~0.0004 * (0.0002) 0.0002 (0.0027) ~0.0004 * (0.0002)
N 61,573 413 61,133
R? 0.686 0.822 0.685
adj. R? 0.685 0.809 0.685
Std. Error 0.375 0.460 0.373
F (sig.) 3625.41 (0.000) 63.23 (0.000) 3586.14 (0.000)
Durbin-Watson 1.806 1.859 1.803

Notes: dependent variable Ln_price; signification: ** p < 0.001, ** p < 0.01, * p < 0.05; Standard errors
in parentheses.

The results of the different estimates of the regression model are shown in Table 3.
The results obtained for estimate 1 of the model are described, as they correspond to the
complete sample. With respect to the housing characteristics, the model estimates that
increasing one square meter of floor space leads to a price increase of 0.2%, while the
inclusion of an additional bedroom, bathroom or toilet leads to an increase of 2.6%, 15.7%
and 10.8%, respectively. The average price impact of a house including extras such as
air-conditioning, heating, built-in closets or being sold furnished was estimated by the
model as having an increase of 5.3%, 11.4%, 6.7% and 7.1%, respectively. A house being a
new construction (less than 3 years) leads to an increase in the price of 6.9%. The values
obtained in the estimate of the parameters related to other characteristics, such as a house
having a garage, garden or pool, lead to an average price increase of 8.1%, 9.7% and 19.8%,
respectively. If the house is a cave house, the average asking price is 5.3% higher than that
of a single-family house.

With regard to energy rating, houses with an E letter rating are taken as a reference.
The results show that houses with a high letter rating (letters A and B) have higher economic
premiums than other houses with worse ratings or those that do not advertise them (with
some of these coefficients being non-significant).

Regarding location, the estimated impact for the price of the houses located in the
Costa Granadina comarca is an increase of 21.1% in relation to the reference region, which is
the Vega de Granada comarca. For the other comarcas, the model estimates a decrease in the
asking prices offered, reaching reductions of between 17.4% and 54.5% with respect to the
Vega de Granada comarca.

In terms of the neighborhood characteristics, a 1% increase in the dependency ratio
and aging ratio leads to a price increase of 0.15% and 0.04%. Regarding the percentage of
foreigners or people with university-level studies, the model estimated that an increase
of 1% in these variables leads to a price increase of 0.7% and 1.8%, respectively. On the
contrary, an increase in the percentage of uneducated people leads to a reduction of 0.3%.

Regarding the type of housing occupancy, the model shows price reductions of 0.1%
and 0.04% respectively, in areas with a higher percentage of secondary residences or
vacant houses.

In the estimates of the subsamples (estimates 2 and 3), some differences are observed
(Figure 5 and Table 3). In the estimate of subsample 2 (cave houses), with regard to
the characteristics of the house, only surface area, number of bedrooms and bathrooms,
availability of heating, fireplace, furniture in the house and parking have positive and
significant premiums. Other variables are not significant, such as the number of toilets,
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the availability of air-conditioning, built-in closets, a garden and a swimming pool. With
regard to the energy rating, all the variables are non-significant, which may highlight that
this characteristic is not relevant in this market segment. In terms of location, there are
four comarcas that do not have a sufficient number of observations and are consequently
discarded from the estimate. Using the Vega de Granada comarca as a reference, the houses
situated in Baza, Guadix and Huéscar have an average price reduction of between 46.4%
and 77.9%. In terms of the neighborhood characteristics, only the variables regarding
the aging index, foreigners and those with university studies are significant. Finally, the
occupation-type variables are not significant.
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4. Discussion

Regarding the first objective, the aim is to determine the economic impact of cave
houses, as opposed to single-family houses, and, as such, the first hypothesis—H1—is
proposed. Estimate 1 confirms this hypothesis since cave houses are marketed 5.3% more
expensive than single-family houses. This may be due to several factors. It is possible
that this is due to a greater interest in exploiting these houses for short-term rental, as can
be seen in platforms such as Booking or Airbnb, with a high supply of these homes and
tourist resorts in prominent areas such as Huéscar, Guadix, Baza or Granada. This tourist
interest was already highlighted by Urdiales [45] in 2003, being a movement initiated in
the 1990s and mainly led by foreign promoters. Another main factor may be a consequence
of foreign buyers who want to establish their residence in Spain. As can be seen in estimate
2, the incidence of the percentage of foreigners in the price of cave houses is higher than
in estimate 3 for single-family houses. This suggests that there is a positive relationship
between the price of cave housing, the existence of cave house offers and the presence of a
higher foreign population.

In addition to the above factors, there are other aspects that have enhanced the value
of this type of housing:

- Firstly, it may be due to the effort made for many years by different public entities
that have been able to promote the tourist value of cave houses through different
projects and financing initiatives such as the Rural Development Leader programs I, II,
and +, the Proder Operational Programs I and II for the Development and Economic
Diversification of Rural Areas [99,100], and the Eurocuevas Project, launched by the
provincial council of Granada, which has received financial aid from the European
Union under the European Regional Development Fund—ERDF—and has had the
following results: (a) the creation of an international association of caves [101]; (b) the
creation of an interpretation center in the cave houses of Benamaurel [102]; (c) the
start of the first phase of creating an inventory of cave houses in the province, which
involves a series of provincial plans that improve the urban environment of cave
houses [103-105]; and (d) the drafting of a manual for intervention in cave houses,
with the aim of providing municipal technicians with tools to be able to carry out
renovation work or new construction [106]. Moreover, Andalusia is one of the first
autonomous communities to regulate the cave house typology through the Law for
the Promotion of Territorial Sustainability in Andalusia [107].

- Secondly, there are construction technicians who are trying to promote the renovation
of cave houses by producing documents that outline the necessary process to render
them legal and the considerations that must be adopted in order to adapt this type of
construction to the national regulations, that is, the Technical Building Code, which
regulates the basic requirements [47,108].

- Thirdly, the promotion and distribution of this type of construction through the
design of a cave house with the “ideas competition” promoted by the project “La
Herradura” of Huéscar with the participation of the international research group
“Aedificatio” from the University of Alicante, the City Council of Huéscar, and the
Rural Development Group of the Altiplano de Granada, with the support of Forum
UNESCO—University and Heritage [109].

Through the second objective, we propose to identify whether the energy rating
is a relevant characteristic of cave houses, and, as such, the second hypothesis—H2—
is proposed. Estimate 2 rejects this hypothesis. Regarding energy rating, a very small
percentage of the sample provides information about the energy rating; around 8% of cave
houses and 11% of single-family houses. The result about energy ratings for the cave house
sample suggests that this characteristic is not relevant for the estimation of house prices.
These results could be due to the fact that sellers and buyers know the thermal advantages
of cave houses, which is why the letter of the energy rating is not taken into consideration
in this typology. Therefore, it would be interesting to gather data in different sociocultural
and economic contexts on the population of Granada to analyze the perception they have
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about the energy rating of cave houses and identify whether they are aware of the energy-
saving potential of this typology against other houses. In contrast, in single-family houses,
values in energy rating premiums are estimated in accordance with the literature, since
houses with high—Iletters A and B—ratings obtain positive premiums of 8.6% and 14.2%,
respectively. Houses with a low rating—letter G—receive a negative premium of 7.6%.

Regarding the HVAC systems, the third hypothesis—H3—is proposed. Estimates
2 and 3 (Table 3 and Figure 5) confirm that the availability of air-conditioning is not a
determining characteristic at the time of buying a cave house. However, the availability of
heating or a fireplace is a determining characteristic. The reason for these results may be
because cave houses, as opposed to other typologies such as single-family houses, have
a ground enclosure that has high thermal inertia and reduces heat gains in the summer,
meaning it would not be necessary for these houses to have air-conditioning. However, the
availability of air-conditioning is in fact a determining characteristic in terms of the price of
single-family houses (with an economic premium of 5.4%). At the same time, cave houses
reduce heat loss in winter due to the conduction of the enclosure (high density of the soil).
This is in such a way that those cave houses that have heating have an economic premium
that is four times that of single-family houses that are in similar condition (11.3% compared
to 47.2%). Similarly, in cave houses, the availability of a chimney is positively valued
(13.4%) since, as suggested by many authors [15,24,110], it is one of the characteristics of
caves in Granada, while in single-family houses, this is not a determining characteristic.

With regard to neighborhood characteristics, cave houses increase in price three times
more than single-family houses if they are located in areas with a higher percentage of
foreigners. This price difference between typologies may be due, in the first place, to cave
houses not being accepted by the local population for either socioeconomic or cultural
reasons [45,110,111]. Secondly, as noted by Mejias del Rio [48], at the end of 1990, an
economic sector orientated toward foreigners was developed and was dedicated to the
renovation and sale of cave houses.

In contrast, in areas where there is a high population of elderly people, the price
premium of cave houses is four times lower than that of single-family houses. This
difference in premiums may be due to these areas being depopulated, unequipped, and
unattractive [112]. Lastly, the percentage of people with university studies has the same
impact on cave houses as it does on single-family houses.

5. Conclusions

This study looks to study whether sustainable constructions, such as cave houses,
have an economic impact with regard to other construction types in the real estate market
in Granada. In addition, it is determined whether the energy rating and air conditioning
systems are relevant characteristics in determining the price of cave houses. As far as the
authors are aware, there have been no studies that analyze the prices of cave houses.

To carry out the research, a regression model estimated by ordinary least squares is
used, using a sample of 61,573 properties offered for sale, both single-family houses and
cave houses. Real estate prices have been collected in two time periods between 2017 and
2021 from two Spanish real estate portals.

In conclusion, society is changing its perception of cave houses and is beginning to
consider them to be a sustainable construction typology that allows for significant energy
savings (between 23% and 35%) compared to other typologies, according to the results
obtained by Kumar, et al. [113]. The consequence of this is that currently cave houses are
being marketed at higher prices than single-family houses and the energy rating or the
availability of air-conditioning are not determining characteristics of the price.

This study, as previously mentioned, has some limitations due to the lack of informa-
tion from official resources regarding the transaction prices and the characteristics of the
houses. The results are obtained from the people offering houses and refer to a specific
place (province of Granada) and cannot be extrapolated to other places.
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At the same time, the results are encouraging for the government as it can be consid-
ered that the economic aid and the projects carried out are having a significant impact on
society, given that the energy crisis is having serious repercussions on energy costs.

This study presents many lines for future research. The first is the opportunity
to analyze the perception of the population of Granada in terms of the economic and
sustainable advantages of cave houses. The second is the opportunity to analyze the costs
of renovating cave houses and complying with construction standards. The third is the
opportunity to analyze the prices of cave houses within the tourist sector and the sharing
economy.
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Abstract: Redevelopment in Hong Kong must be accelerated in response to urban decay and land
shortages. However, due to a lack of incentives and effective policy tools under Hong Kong’s floor
area ratio regulations, there has been limited public-private partnerships in the urban renewal
process, reducing both the public welfare and the efficiency of land use. We review the evolution
of Hong Kong’s density schemes for addressing urban redevelopment issues to identify the most
important barriers to private sector involvement. We also summarise the international experience
and identify viable policies, compare cases in Hong Kong with successful transfer of development
rights (TDRs) examples, point out TDRs’ shortcomings, and propose targeted policy optimisation
strategies. On a practical level, this study has implications for the creation of targeted density policies
to address Hong Kong’s ageing infrastructure and facilitate the urban transformation of Hong Kong
and similar high-density cities so that they can continue to support sustainable urban growth.

Keywords: floor area ratio regulation; urban renewal; transfer of development rights; density
relaxation; Hong Kong

1. Introduction

Urban renewal is a significant issue in many nations. In recent years, urban decay,
characterised by ageing buildings and a shortage of land for future urban growth, has
increased the demand for urban renewal in Hong Kong. In response, the Hong Kong
government has issued case-by-case approvals of land premium payment exemptions
(through the Urban Renewal Authority) and density relaxations (through the Development
Bureau under the Outline Zoning Plan and Building (Planning) Regulations). Nevertheless,
a variety of factors are causing sluggish redevelopment momentum. The most prominent of
these factors is the contradiction between developers’ desire for the high returns associated
with high-density development and the reality that only low-density development is
possible. Due to the nature of redevelopment in large urban environments, project sites are
typically located in historic city centres with high land prices and high population densities,
imposing on developers the additional burden of negotiating the transfer of property rights
with multiple residents. Additionally, some of Hong Kong’s building blocks have plot
ratios that are either equal to or higher than the maximum level permitted by existing laws
and norms, further constricting developers’ profit margins and decreasing the economic
potential of their rehabilitation projects. Furthermore, the demands for additional public
open spaces and the preservation of sites in Hong Kong’s redevelopment areas require
developers to design low-density projects, at the expense of profits.

From an economic perspective, Hong Kong’s floor area ratio (FAR) regulations reduce
private developers’ profit incentives to participate in redevelopment projects, while direct
fiscal subsidies increase the government’s financial burden, and further increase the cost of
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redevelopment. From a social perspective, some people are dissatisfied with Hong Kong’s
FAR regulations for urban renewal projects, as they believe they create obstacles to the
implementation of redevelopment projects. From an environmental perspective, private
developers have insufficient incentives to engage in environmental protection during the
redevelopment process. FAR regulation has three main types, including on-site FAR bonus,
land-use variance, and transfer of development rights (TDR). The policy tool of TDR
proposed by the Secretary for Planning and Lands to solve these public—private problems
has only been applied in cases involving heritage preservation projects and lacks practical
applications in the general field of urban redevelopment.

This study identifies the obstacles to public—private redevelopment in Hong Kong’s
urban renewal process and discusses the optimal incentive policy based on a factual
review of urban renewal experiences in Hong Kong and internationally. We focus on the
following three research questions: (1) What is the core obstacle to Hong Kong’s urban
renewal process and what are the potential solutions to density issues under various
FAR regulations? (2) Which density scheme has been the most successful internationally?
(3) How can a targeted incentive policy be guaranteed to improve Hong Kong’s current
shortcomings?

To answer these research questions, we focus on changes to Hong Kong’s FAR reg-
ulations over time and describe the latent political, legislative, and practical challenges
that threaten to impede the resolution of urban redevelopment issues. We find that the
private sector’s unwillingness to participate in high-density projects is Hong Kong’s most
important urban renewal challenge.

To solve this problem, we summarise the historical development of FAR regulations
at the international level. FAR regulations are imposed in urban areas to limit buildings’
floor space in an effort to ameliorate adverse environmental and social problems in ur-
ban areas [1,2]. Countries such as the USA [3], Japan [4,5], India [2], China [6-8], and
Singapore [9] are at different stages of their urban development and have different FAR
regulations [3]. Numerous studies of FAR regulation have emphasised policy approaches,
including direct limits on density, on-site density bonuses, land-use variances, and density
transfer. This review summarises cases, outlines the background and progression of FAR
regulatory systems, recommends future research directions, and updates practitioners on
recent findings [10]. In our review of various TDR policies, we concentrate on the most
advanced policies; we believe that TDR is an effective solution to FAR-related issues and
can be greatly improved in Hong Kong to suit local conditions.

Finally, we distil the factors necessary for successful TDR and individually compare
them with Hong Kong’s current shortcomings based on our assessment of its most recent
TDR case, that of the Sheng Kung Hui Compound. Thus, to ensure the feasibility and
sustainability of Hong Kong’s urban renewal policies, we develop optimisation strategies
for redevelopment projects that are subject to FAR regulations. Specifically, we summarise
the international experience to argue that the TDRs can be used as a tool to address that
challenge. However, the success of TDRs depends on appropriate TDR legislation, TDR
management, TDR programme design, and TDR social support. Accordingly, we also
rely on an established case in Hong Kong to conduct a targeted analysis and develop
suggestions for improving the practice of TDR in Hong Kong.

This paper is organised as follows: Section 2 reviews the practice of FAR regula-
tion in Hong Kong and distils its most pressing challenge, namely the lack of private
sector participation. Section 3 introduces the international development of FAR policies
and practices, providing a reference for market-based policy formulation in Hong Kong.
Section 4 identifies the factors that contribute to the success of FAR regulation, further
verifies Hong Kong’s current shortcomings by highlighting real-life cases, and proposes
targeted improvement strategies. Section 5 concludes the paper.
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2. FAR Regulation in Hong Kong’s Urban Renewal Process
2.1. Stylised Facts of High FAR and Urban Decay

Although Hong Kong covers an area of 1106.3 square kilometres, most of the popula-
tion and urban development is found on Hong Kong Island and Kowloon, which cover only
132.8 square kilometres [11]. Due to its many hills and islands, Hong Kong has very little
terrain that is suitable for construction. Twenty percent of Hong Kong’s land has slopes of
more than 30% and is therefore undevelopable, and there is a shortage of suitable land for
construction. Hong Kong's built-up area covers only 24.3% of its land [12]. In contrast to
its small amount of built-up territory, Hong Kong has a large population that increased
from 7,072,000 in 2011 to 7,413,000 in 2021, an increase of 4.8% in 10 years [11]. Because of
this increase, Hong Kong is one of the most densely populated regions in the world.

Hong Kong’s need for densely populated housing and the increasing number of ageing
buildings recently accelerated urban redevelopment. According to the Monthly Digest
of the Building Department, Hong Kong’s Building Authority authorised the destruction
of 1705 buildings since January 2005 [13]. In 2011, Hong Kong’s Urban Renewal Strategy
predicted that 9000 structures would be at least 50 years old by 2021 [14]. Similarly,
according to Urban Renewal Authority statistics posted on 28 September 2021, by 2047,
approximately 80% of the building stock in the Yau Ma Tei and Mong Kok redevelopment
areas will be more than 70 years old, with more than 20% of the building stock classified
as having either no or negative redevelopment potential [15]. These practical cases and
official forecasts reveal the urgent need for redevelopment strategies.

An important approach to address urban decay under high FAR is urban renewal,
which is essentially a process of dynamic optimization of human land systems through
resource reuse and land redevelopment, with the fundamental goal of building sustainable
cities [16]. It can enhance the sustainable development capacity of cities by optimizing the
physical and functional space of the city, and then realize the sustainable development
goals in social and economic dimensions [17].

Specifically, at the physical and functional level, urban renewal projects encourage
the construction of high-quality housing [18], the rehabilitation of crumbling structures,
and the efficient use of the city’s land and building stock [19]. Moreover, urban renewal
accompanied by energy retrofit of existing buildings presents a chance to upgrade cites’
energy performance in order to increase energy effectiveness and decrease household
energy cost [20,21], which allows for a higher density of use with limited resources. Further,
the compact and mixed-use development around stations can increase the centralization of
jobs, and generally favour public transport in cities with low density and very high growth
rates that minimize sprawl [22-24]. Hence, urban renewal allows the renewal of physical
space, which supports the adjustment of density and achieves a new balance of functional
structures within the city [25].

At the same time, urban renewal for strategic and special spaces further promoted the
sustainable development of the city at the social and economic levels [26]. On the one hand,
many urban renewal projects with public attributes, including rail transit construction [27],
waterfront development [28], and historic and cultural district preservation [26], have
strong socioeconomic spatial effects [26] Particularly in Hong Kong, one of the goals of
urban renewal is to provide adequate community facilities [14]. Hence, urban renewal can
provide opportunities to address social issues and to address social integrity and social
integration [29] and can promote sustainable public service attributes in cities.

On the other hand, urban renewal, which aims to create employment opportunities
and enhance urban attractiveness, has caused many commercial real estate projects [30],
waterfront revitalization projects [28], and other projects that effectively promote high-
quality economic development and industrial transformation [31]. Redevelopment is
framed by the state and much of the general populace as positive and necessary to boost
economic growth [32]. In general, urban renewal can effectively improve the physical,
social, and economic conditions of the city to improve the quality of life and promote
sustainable urban development.
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2.2. The Policy Evolution of Hong Kong’s Urban Renewal Process
2.2.1. Period of Spontaneous Market Renewal (Pre-1987)

Before the 1950s, the Hong Kong government rarely intervened in the urban renewal
of old districts, and its attitude towards urban renewal was basically laissez-faire. In the
1960s, the government became aware of the deterioration of the old urban districts and
attempted to improve their physical environments through special initiatives. However,
due to the ad hoc nature of these initiatives, along with the fact that these policies (and the
implementing institutions) did not provide effective support and protection mechanisms,
there were many problems with their implementation and management, resulting the
urban renewal piecemeal [33,34]. The initiatives did little to improve the environment of
the old districts. By the 1970s, the Hong Kong government made the construction of new
towns a key element of urban development, but urban renewal at the strategic level did
not receive sufficient attention [35].

During this period, urban redevelopment activities were largely market-driven, pri-
marily advanced by private developers who actively sought out projects for demolition
and construction. To achieve profitability, their main target was the redevelopment of
low-density projects into high-density housing. In this period of urban redevelopment,
number of developers even have become giant corporations, and almost all the older low-
density areas were renewed [36], but the older high-density urban areas, which presented
numerous economic and operational difficulties, were neither renewed nor improved.

2.2.2. Period of Limited Government Involvement Premised on Market Profitability
(1988-2000)

Beginning in the 1980s, many buildings in Hong Kong, including public housing
projects, began to deteriorate. Market-regulated mechanisms alone were inadequate to
address the ageing of Hong Kong’s urban structures. In 1988, the government responded
by establishing the Land Development Corporation (LDC), an independent statutory
department dedicated to urban renewal, to promote the regeneration of Hong Kong’s older
districts [35,37]. The establishment of the LDC marked the beginning of the Hong Kong
government’s (limited) formal involvement in urban renewal activities.

Although the LDC was a semi-private—semi-public statutory body, it did not have any
statutory resumption power [38]; furthermore, it did not receive strong financial support
from the government when it was established, only small loans [34]. To ensure its long-term
viability, the LDC’s business model focused first and foremost on its own financial balance.
Accordingly, the LDC operated no differently from private developers, which sought out
urban redevelopment projects with profit potential rather than addressing the problems of
renewing old, high-density areas.

By the time the next phase of the Urban Redevelopment Authority was established, the
LDC had undertaken 26 projects, but completed only 16, 80.5% of which were commercial
buildings with the possibility of profit; only 19.5% of the projects were used for residences,
public facilities, or community recreation [39]. During the 12 years of the LDC’s operation,
only 0.44% of the 639 hectares that the 1991 metropolitan plan designated for regeneration
were renewed [38]; thus, the LDC failed to meet its original purpose of improving old
districts and it was widely criticised by both citizens and the government.

Thus, it is evident that the LDC maintained the characteristics of a commercial opera-
tion, and the LDC’s approach to urban renewal, with economic viability as the primary
consideration, was no more successful than private developers’ approach in promoting the
improvement of old districts. By 2000, the LDC’s renewal activities were widely questioned
and criticised while the number of redevelopment projects by private developers was
declining [37]. The government recognised that it must increase the level of public-sector
intervention to fundamentally improve the appearance of Hong Kong’s old districts and
enhance the efficiency and effectiveness of urban renewal.
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2.2.3. Period of Increased Government Intervention in Renewal (2001-Present)

The Urban Renewal Authority Ordinance was approved in June 2000 and the Urban
Renewal Authority (URA) replaced the LDC in May 2001, with a goal of completing
225 redevelopment projects in 20 years [40]. The establishment of the URA marked the
entry of Hong Kong’s urban redevelopment activities into a phase led by a statutory
body with governmental support. Unlike during the LDC era and the URA era, the
Hong Kong government shouldered additional responsibility for urban renewal. First,
the government issued the Urban Renewal Strategy to guide urban renewal activities.
Second, the government increased its financial support by providing HKD 10 billion in
start-up capital to the URA and offering concessions in land premium reductions. Third,
the government made corresponding arrangements in the areas of planning, acquisition,
and public participation [14,38,41,42].

Since the above transformation, the government increased its intervention in urban
renewal in Hong Kong and became fully involved in urban regeneration activities [41]. The
government has a clear plan to guide regeneration activities from top-level strategies to
financial support policies, and it constantly adjusts its strategies before introducing new
guidelines. However, Hong Kong’s current regeneration of old districts cannot keep up
with the speed of urban ageing. The current approach is insufficient to solve the problem,
and its sustainability is questionable [43]. Table 1 lists the implementation rules of Hong
Kong’s three urban renewal periods and summarises their main features, the problems
they solved, and their residual problems.

2.3. The Challenges of Insufficient Private Sector Participation

A variety of factors have slowed redevelopment in Hong Kong, creating an increas-
ingly large gap between the urgent demand for and the production of new residential units.
One of the most important factors is the lack of incentives for developers to participate
in redevelopment projects in high-density areas [38]. At present, almost all the old, low-
density and easily redevelopable districts in Hong Kong have been renewed by private
developers, as these were profitable projects. However, developers’ participation in urban
redevelopment activities has steadily declined because of the low profitability and high
economic risk of urban redevelopment in high-density areas [38].

Hong Kong’s planning system includes both discretionary between development
control and the respective plan, and strong legislative power on development control when
making decisions on planning applications [44]. Hong Kong's legal system, with its strict
restrictions on building density, has been unable to adapt to developers’ preferences for
high-density projects, decreasing developers’ participation in urban renewal.

On the one hand, Hong Kong’s FAR has reached the upper limits of development [14].
The redevelopment of old high-density areas can result in zero gain (or even less square
footage than before redevelopment) if redeveloped buildings comply with the current reg-
ulations, directly leading to the low profitability of the redevelopment of old high-density
areas. On the other hand, due to the nature of redevelopment, project sites are normally
located in old city centres with high land prices and high population density, imposing
an additional burden on developers who must negotiate with residents about the transfer
price of their property rights [14]. The competing demands to create additional public open
spaces and preserving old sites in redevelopment areas also require developers to design
low-density products at the expense of profits [45,46]. In addition, parts of Hong Kong
have an existing plot ratio equal to or even greater than the maximum permissible level
under the Outline Zoning Plan and Building (Planning) Regulations [47], further limiting
developers” ability to make a profit and reducing the economic potential of redevelopment
projects. With respect to the government’s financial support, according to the Urban Re-
newal Authority, HKD 20.8 billion land premium payment exemptions were provided
by the government for 48 projects by May 2022 under the Urban Renewal Authority [48],
indicating that the expansion of direct financial support for redevelopment incentives
imposes a huge additional burden on the government’s finances. Under the circumstances,
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additional incentives in other forms are necessary to encourage private sector developers
to participate in redevelopment projects.

Table 1. Evolution and comparison of Hong Kong’s urban renewal strategies.

Period 1 (before 1987)

Period 2 (1988-2000)

Period 3 (2001-Present)

Main features

Private developer-led.

Limited government
involvement, maintained a
market mechanism.

The government increased its
intervention and established a
clear plan from top-level
strategy formulation to
financial support policies.

Problems solved

Mainly regeneration of
low-density projects in
old areas.

Urban renewal attracted the
attention of the government
which pursued

targeted solutions.

The URA replaced the LDC to
address the problems of
inefficient urban renewal.

Problems remaining

No willingness on the part of
private developers to
participate in renewal of
high-density projects.

LDC lacked a profit incentive,
and urban renewal
was inefficient.

There has been a lack of
participation in the renewal of
high-density projects necessary
for urban regeneration.

Implementation rules

. Guidance Platform

e Public Accountability

e  Financial Support

° Approval Process

. Compensation

e  Community Outreach
and Public Engagement

None.

None.

None.

None.

None.

Lack of consideration of social
factors and public participation.

None.

None.

Hong Kong’s government
provided HKD 31 million loan
as start-up capital (subject

to repayment).

LDC'’s redevelopment projects
were submitted to the
government for approval on a
case-by-case basis.

Details of the projects were
not announced.

Market price of “10-year-old”
residential properties in the
same area was the benchmark
for compensation.

No special rehousing
compensation for tenants.

Lack of consideration of social
factors and public participation.

Urban renewal strategy.

The URA is accountable to the
Legislative Council.

The government injected
HKD 10 billion in

rolling funds.

There is a right to a land
premium waiver.
Exemption from relevant
taxes and fees.

A one-off submission by the
URA to the Financial
Secretary for approval.
Details of the projects

are announced.

Market price of ‘7-year-old’
residential properties in the
same area as the benchmark
for compensation.

Special rehousing
compensation for tenants.
Social impact assessment with
public opposition and appeals
against the development.

3. International Policy Development and Recommendations

Different countries have introduced various policies to address the dilemma of FAR
in urban renewal. The most important of these policies involves the lack of incentives for
developers to participate in redevelopment projects in high-density areas. We examined
international policies to see if they can provide inspiration for Hong Kong. Our review
covered the 1960-2022 period and focused on the implementation of TDRs. We searched
reliable research databases (Emerald Insight, Web of Science, ProQuest, Google Scholar,
and ScienceDirect) using keywords such as ‘floor area ratio’, ‘floor area ratio regulation’,
‘density regulation’, ‘density relaxation’, ‘density transfer’, and ‘transfer of development
rights’ to find research on FAR regulations. We screened out papers that were not peer-
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reviewed or in languages other than English and excluded papers that did not focus on
the theme of FAR regulation. Eighty appropriate publications on the development of FAR
regulation were found.

3.1. Common FAR Regqulation Practices
3.1.1. Traditional FAR Regulation Practices

Traditionally, a government uses direct intervention methods, such as regulatory
instruments in the form of zoning, development control, acquisition, and eminent domain,
along with the purchase of development rights (PDRs) programmes, to plan and supervise
the FAR [49-51]. Some nations use maximum and minimum FAR regulations, in which
maximum FAR regulations indirectly control the size and height of buildings and affect
building density and the urban spatial structure, whereas minimum FAR regulations can
be enforced to increase building density or prevent underdevelopment [4]

However, many studies have criticised the above methods for their low levels of
efficiency and effectiveness [52-55], high implementation costs [53,54], and probability of
triggering conflicts between the public and the private sectors [56]. Therefore, they cannot
achieve the goals of regulation and optimal land-use patterns [57]. To solve these costs and
problems, land-use policies have introduced market-based adjustment tools and gradually
shifted from regulatory tools and comprehensive planning to voluntary and market-based
planning strategies, such as public—private partnerships, infrastructure investments, and
incentives [58,59].

3.1.2. On-Site Density Bonuses

Different countries use different incentives for FAR control, but the most common are
density relaxation and density transfer. For density relaxation, density bonuses involving
quid pro quo arrangements have a long history and continue to be widely practiced.
In this system, the government trades additional density for funds and public facilities.
For example, Boston’s South Bay project increased the permissible FAR from 2.0 to 3.0.
In return, the developer pledged to provide new public space, affordable housing, and
HKD 1.2 million in community beautification funds (City of Boston, 2016). In Chicago,
neighbourhood opportunity bonus grants provide additional development capacity in
exchange for funds from developers. In Toronto, the density bonus is known as Section 37
of the Planning Act, pursuant to which the developer must provide community facilities or
other benefits in return for additional height or density allowances. Market-based increases
in the allowable density of future developments in exchange for developer concessions
have been widely adopted by the public sector [60-64] and have incentivised investment.
To encourage developers to provide public space and affordable housing, New York and
Seattle have developed Incentive Zoning programmes. Seoul’s National Land Planning
Law states that when developers dedicate a portion of their land for public amenities,
additional construction land may be permitted. Arlington, Virginia, allows developers to
build at higher densities than would otherwise be allowed for projects that provide housing
for low- or moderate-income households. To encourage regional revitalisation, Arlington
also provides special density bonuses for specific revitalisation areas. To stimulate land
assembly, Hong Kong and Singapore offer a bonus plot ratio as an incentive for developers
to assemble larger urban redevelopment sites [65,66].

The findings on the utility of density bonuses and their ultimate effect on the public
interest have been mixed. In addition, such bonus provisions have been severely criticised
as sacrificing design quality for the sake of urban vitality, in the case of Sydney [67], or as
overbuilding to take advantage of the bonus, in the case of New York City [68].

3.1.3. Land-Use Variance

In addition to density bonuses, land-use variances can be used to achieve density
relaxation. Jou et al. (2012) investigated four case studies in Taipei and observed that
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land-use codes can be flexibly changed to legalise some commercial property development
to satisfy the needs of the market [69].

3.2. Adoption of Market-Based Instruments: Density Transfer

A density transfer allows the owner to sell unused floor area from a ‘donor site’ to
one or more ‘receiver sites’ at a market- or city-determined price [70]. TDRs are the most
common method of density transfer. TDRs rely on the market to compensate landowners,
which encourages developers to invest in more projects [71] and balances the pressures on
administrative bodies [72].

The first application of TDRs is New York’s 1916 zoning ordinance [73]. Following
their first use in the USA, TDR programmes spread to other Western countries, such as
France [74], the Netherlands [75], Germany [76], Switzerland [77], and Italy [78], and to
Eastern countries, such as mainland China [49,79], South Korea [80], and Taiwan [81]. Many
countries and cities have established legislation to promote TDRs [82,83], and there is no
world standard or norm. As a result, TDRs raise numerous questions, including the diffi-
culty of assessing the value of development rights in the absence of reliable mechanisms [84]
and the inefficiency of the system in residential areas [85].

We compare the advantages and disadvantages of different FAR regulations in Table 2.
All three types of FAR regulations can stimulate private sector participation. However,
both on-site FAR bonus and land-use variances have inherent problems that are difficult
to circumvent. For example, on-site FAR tends to encourage developers to over-develop,
and land-use variance is ill-suited to setting a fixed conversion pattern. Furthermore,
TDRs are the target of a substantial amount of criticism. The main problem with TDRs is
that designing TDR programmes is costly for local governments due to TDRs” complexity,
and such programmes are unlikely to result in an efficient land allocation [86,87]. The
disadvantage of TDRs is due to their temporary immaturity, resulting in imperfectly
implemented programmes in different regions and controversies about their effects. In the
future, together with the promotion and maturity of TDR systems, there will certainly be
more opportunities for the development of TDR systems.

Table 2. Comparison of FAR regulations.

On-Site FAR Land-Use Transfer of Development Rights
Bonus Variance (TDRs)
Maturity Mature Immature Immature
Popularity High Low Low
Encourage developers’

Market-based investment
Advantages incentives, with low
government cost

Increased flexibility to meet investments in more development
market needs and balance the pressures on
administrative bodies

Sacrifice of design quality for the In the absence of reliable

o Difficulty in changing land-use mechanisms, assessments of the
. sake of urban vitality, or . .
Disadvantages a1 norms according to value of the right to development
overbuilding to take advantage of o .
local conditions may create conflicts and cause

the bonus . .-
poor operational efficiency

3.3. The Basic Elements of TDR
3.3.1. TDR Pricing

The specific form of density transfer used by governments varies. There are generally
two types of pricing: (1) via a pure free-market mechanism; and (2) via a TDR “public bank’.
With the first type of pricing, TDRs are freely traded on the market and the price is
determined by supply and demand. The problem with market-based TDR pricing is that
the extensive use of TDRs priced in this manner can change the land value, causing the
market price for all land to fluctuate. Taipei’s strategy for preventing this negative impact

42



Land 2022, 11, 2248

is to fix the price of the development rights rather than allowing them to fluctuate with the
market [83].

With the second type of pricing, the local government creates a TDR public bank that
operates as an intermediate public agency in TDR exchanges. For example, King County,
Washington, used general fund money and the proceeds from a dedicated portion of county
property taxes to buy the TDRs to more than 90,000 acres of forested land and open space.
The primary goal of TDR banks is to reduce price uncertainty and ensure stable and fair
pricing [88,89]. However, some have criticised TDR banks on the ground that they distort
the price determination of TDR [90-92].

3.3.2. Designation of Sending and Receiving Areas

The primary issue related to the location of TDRs involves the question of whether
to designate a specific receiver site. There are generally two types of TDR designations:
(1) dual transfer districts; and (2) single transfer districts.

Dual transfer districts usually have separate, pre-zoned sending and receiving ar-
eas. The planning agency can guide development to the areas that are the best suited
to increased density. Single transfer districts allow the market to decide where transfers
occur. For example, the Lake Tahoe basin and the Malibu/Santa Monica Coastal Zone
have no clear spatial boundaries between sending and receiving areas. Some TDR systems
allow more freedom to choose the receiving site. Taiwan’s TDR enabling statute does
not require planning authorities to designate specific areas as receiving areas eligible for
higher-density developments. Livermore, California, allows the community to select the
receiving sites [89].

3.3.3. TDR Transfer Ratio

The two types of TDR transfer ratios are as follows: (1) a one-to-one transfer ratio, and
(2) an n-transfer ratio [93]. With a one-to-one transfer ratio, for each dwelling unit that is
precluded from development at the sending site, one bonus dwelling unit is allowed at the
receiving site. To create market incentives for sending area landowners and receiving area
developers, many TDR programmes use an enhanced transfer ratio. In the Montgomery
County, Maryland, programme, one TDR allows one bonus single-family detached res-
idence or two multi-family units [94]. In Livermore, California, two TDRs are required
for each bonus single-family residence, but only one TDR is required for two multifamily
attached units. Dade County, Florida, has 18 zoning districts that are capable of receiving
TDRs. In these districts, a TDR allows for various density bonuses and other exceptions
from standard development requirements [95].

With an n-transfer ratio, the determination of the transfer ratio depends on the evalua-
tion of the affected land’s development potential. For example, in the Pinelands in the State
of New Jersey, several factors determine the transfer ratio, including land type and location,
past and present uses, and prior development history; evaluations take approximately
6 weeks [96]. The Malibu/Santa Monica programme uses acreage and slope in determining
the transfer ratio; for smaller lots in old subdivisions, the programme also considers the
square footage of buildable space [97].

3.3.4. Use of Receiving Areas

In terms of the use of receiving areas, some programmes allow the conversion of
land use. For example, in Warwick Township, Pennsylvania, TDRs are granted to sending
area landowners for farmland preservation, but they are used by receiving-site developers
to achieve greater lot coverage within industrial zones [98]. In Burbank, California, the
Media District TDR programme allows conversions from one land use to another if the
reduction in vehicular trip generation achieved at the sending site equals the increase in
trip generation created by the bonus development at the receiving site [99].
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3.3.5. Other Incentives

There are also other incentives for developers to participate in redevelopment projects,
such as the provision of additional development volume. In Pacifica, California, developers
using TDRs can receive exemptions from open space, setback, coverage, landscaping, and
parking requirements [99]. In the Pitkin County programme in Colorado, TDRs granted
for the preservation of sending area land are used by receiving area developers to achieve
bonus residential floor area [93]. It is also possible to obtain a development license. For
example, Morgan Hill, California, provides priority to building permits for developments
that include TDRs [100]. The Tahoe Regional Planning Agency, which covers a region
in California and Nevada, allows landowners to create an ‘allocation” by removing non-
conforming structures from a sensitive stream environmental zone.

Table 3 illustrates and compares density policies in various countries/cities in terms
of their general implications, partial implications and exceptions. However, only a few
countries and cities have successful TDR programmes, a situation that has sparked interna-
tional interest and created a need to address common, yet controversial implementation
issues [101].

Table 3. Density policies in various countries/ cities.

On-Site Density Transfer of Development Rights (TDRs)

Relaxations Receiving Sites Location Price Time

Main Type

On-Site FAR  Land-Use City- Developer- City- Market- FAR
Bonus Variance Determined Determined Determined Determined Reserve

United States
New York State
Washington, DC
Washington State
Nevada
Los Angeles, California
California
Florida
Maryland

Canada

Australia

Mumbai

Singapore

Japan

Taiwan, China
Taichung
Taipei

China
Guangzhou
Chonggqing
Hong Kong
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Notes: e: general rules; O: partially implied rules; x: not applicable; -: uncertain. (a) Heritage protection; (b) envi-
ronmental protection; (c) farmland protection; (d) affordable housing; (e) urban public facility; (f) transportation
facilities.

3.3.6. Types of TDR

The objectives of TDR differ from programme to programme. Based on the different
objectives of TDR, we divide TDR into six main types, which are (a) heritage protection;
(b) environmental protection; (c) farmland protection; (d) affordable housing; (e) urban
public facility; (f) and transportation facilities.

Traditional TDR programmes have been implemented to protect urban characteristics,
as well as to preserve environmental and agricultural [89], namely types (a)(b) and (c).
Historic preservation TDR programmes (a) originally emerged in large cities, including
New York, and Washington, DC. Later, medium-sized cities, such as California, and
some small cities have applied TDR to preserve historic sites [99]. Similar to heritage
protection are environmental protection (b) and farmland protection (c). They are all
transfer of development potential from nature reserves or rural to urban areas, focusing
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on the protection of agricultural and environmentally sensitive lands, including wetlands,
slopes, forests, natural landscapes, animal habitats, and open spaces [95].

The focus of these types of TDR is on protecting the sending area, rather than develop-
ing the receiving area. Moreover, compact development along smart growth principles is a
common secondary goal or co-benefit. These TDR implementation sites tend to be in more
developed cities. They have a mature urbanization stage, a strong welfare conscious gov-
ernment, and urban renewal policies that take into account diverse social, environmental,
and cultural demands [102,103].

There are also some innovative types of TDR that are emerging, including Affordable
housing (d), Urban public facility (e), and Transportation facilities (f). These programmes
place greater emphasis on incentivizing development because they set their sending areas
to urban buildings or facilities where private sector participation is urgently needed,
while designating receiving areas in marginal areas where the need for new development
is higher.

In affordable housing projects, the government is often eager to enhance the quality of
life of people by improving housing [104]. Therefore, private developers receive incentives
in the form of TDRs that allow additional housing construction in other parts of the
city [105]. Such projects are focused in developing countries with immature urbanization
and are in the initial stage of physical renewal [106], such as Mumbai [107], to improve the
well-being of residents and enhance social satisfaction. There are also some such projects in
countries where privatization is prevalent, represented by the United States, which focus
on embedding the private sector in urban regeneration to drive urban tax revenue and
employment [102].

TDR projects of Urban public facility and Transportation facilities are derived from the
government’s public service attributes and industrial development needs. The most promi-
nent of them are in Asian countries/regions such as Japan and Taiwan, China. They have
developed rapidly during economic globalization, with distinctive state-led characteristics
of urban development [108], and urban renewal revolves around the needs of industrial
activities [109,110]. Meanwhile, some developed countries have gone through rich urban
renewal development stages [25,111,112] and have also extensively experimented with
diverse applications in the types of TDRs [103].

The implementation of FAR regulations varies from country to country and city to
city. In general, on-site FAR bonuses are the most common, whereas land-use variances are
relatively rare. Most notably, TDRs have increased flexibility and effectiveness in different
settings depending on whether the receiving site’s location is city- or developer-determined,
whether its price is city- or market-determined, and the programme’s FAR reserve. Cur-
rently, the most commonly used form of TDR is a combination of city-determined receiving
locations and market-determined prices. Cities with long-standing policies and a high level
of policy maturity, such as New York and Washington, DC, have provided a higher degree
of freedom by allowing FAR reserves as part of their TDR policies. Cities in China that
have only been implementing the policy for a short period of time (or they have just started
to pilot it) are more restrictive, providing the government the power to decide the receiving
site’s location and price and to liberalise FAR reserves. With the accumulation of practical
experience in cities, there is an opportunity to implement TDRs that are both flexible and
market-oriented. Hong Kong can use this flexibility to adjust its TDR policies to achieve a
high level of efficiency.

4. Policy Outlook and Recommendations to Meet the Challenges of Insufficient
Private Sector Participation

4.1. Adaptability of TDR in Hong Kong

TDRs are an efficient solution to the inefficiencies of urban renewal in Hong Kong and
can provide developers with an effective incentive to participate in the urban renewal of
high-density projects. The Hong Kong government has explored TDRs as a solution to the
problem of insufficient private sector participation in urban renewal. The concept of TDRs
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was proposed by the Secretary for Planning and Lands in 2001 and has been successfully
applied in nine heritage preservation projects [112]. However, TDRs in Hong Kong are not
formalised instruments and have only been used for projects in which the sending areas
are heritage-preservation sites and the receiving areas are alternative sites where additional
density can be obtained through the acquisition of development rights [71,113]. In these
cases, the receiving sites are contiguous, leaving the potential flexibility and feasibility of
non-contiguous receiving site selection in TDRs in Hong Kong unexplored [114].

According to the literature, TDR programmes such as that used in Hong Kong incur
high transaction costs, as the government is required to spend a substantial amount of
time and money to find suitable receiving sites, assess the value and capacity of the land,
engage in public consultation, and conduct site assembly. The programme can also affect
surrounding owners’ property values, leading to lengthy negotiations to assemble smaller
lots into larger redevelopment sites [115].

Although Hong Kong's initial TDR programme, as proposed in 2001, followed the
practice of TDRs in the USA and Canada of providing tradable permits, freely tradable
TDRs have not been available in Hong Kong due to the absence of TDR certificates under
the current legislation [116]. TDRs are provided on a case-by-case basis without publishable
transfer procedures or preliminary permitted transfer area planning, the latter of which de-
pends on negotiation between the government and the property owner [117]. Furthermore,
no TDR market has been established [118].

In a more general sense, because the urban structure of Hong Kong is significantly
different from the urban structures of cities in the USA and Canada, the feasibility of
comprehensively copying their experiences remains questionable. However, concepts
similar to the Hong Kong TDR certificates with unspecified development dates date back to
the 1960 Letter B system, indicating the potential dimension of time flexibility in TDRs [119].

In summary, the application of TDRs in Hong Kong’s redevelopment zones is not
widespread despite their potential to boost the economic viability of redevelopment projects
and accelerate the pace of urban transformation. In the future, the Urban Renewal Authority
can recommend TDRs as a planning tool for common redevelopment projects other than
heritage preservation projects to permit the transfer of development rights from sites
with extremely limited redevelopment potential to sites where expansion or increased
intensity is anticipated. The key to achieving rapid urban renewal is learning how to
create an appropriate and efficient TDR market that also considers Hong Kong’s unique
market conditions.

4.2. Key to the Successful Use of TDRs in Hong Kong

Research on the evaluation of density transfer programmes has been relatively lim-
ited and has primarily consisted of cases studies that analyse and summarise the factors
that contribute to success [74,82,114,116,120]. Some of the more authoritative studies in-
clude Machemer and Kaplowitz, who developed an evaluative framework consisting of
13 elements found in 14 TDR programmes, including the political foundation, a consistent
regulatory process, a sense of place, resources in the area that are seen as valuable, a rapidly
growing area, public acceptance, appropriate receiving areas, TDR leadership, mandatory
programmes, TDR banks, a TDR programme that is compatible with PDR, simplicity and
cost efficiency, and knowledge of development, local land use demands, and patterns [80].
Ostrom further summarised these elements into five criteria: economic efficiency, social eq-
uity, adaptability and resilience, accountability, and conformity with general morality [121].
Pruetz and Standridge divided the common traits of TDR success factors into the three
major aspects of sending area success factors, receiving area success factors, and incentive
success factors [93].

Our review of the literature identified the three commonly mentioned factors: insti-
tutional and regulatory issues, TDR programme design, and social support. The specific
categories and references are shown in Table 4. Institutional and regulatory issues are the
foundation that anchors and sustains TDR and include TDR legislation and management.
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TDR programme design requires TDR programmes first to be simple enough for developers
and owners to understand and easy for government personnel to manage and operate.
TDR programmes must also have sufficient incentives to attract developers, such as low
transaction and management costs, receiving areas with the maximum development poten-
tial and economic incentives for participation. Because it can be challenging to implement
a project without social support, TDR projects need to ensure the timely and transparent
disclosure of information to the public to obtain support under effective social scrutiny.

Table 4. Key factors in TDRs’ successes and shortcomings in Hong Kong.

Factors

Standards

References

Hong Kong'’s Shortcomings

Institutional and Regulatory Issues

TDR is anchored and sustained

IR through a strong policy and [80,82,93,114,116,120-125] Lack of systematic legislation and
Legislation o . norms; case-by-case application
political foundation
el ToRinplemeion
81 Strong P [74,80,82,93,116,120,121,123-125] departments and low
Management clear assignment .-
e management efficiency
of responsibilities
TDR Programme Design
Projects are easy for developers
T and owners to understand; Case-by-case application, low
Simplicity . [80,82,93,114,116,120,121,123-125] .
projects are easy for government efficiency
personnel to manage and operate
Attracts developers through
market mechanisms such as low
transaction and management
Incentives costs, maximum development [74,80,82,93,116,120-122,124,125] Possible over-incentives
potential for receiving areas and
economic incentives
for operations
Social Support
Timely and transparent
Public Support information disclosure; [80,82,93,114,116,120,121,123-125] Lack of openness and accuracy

community monitoring
mechanism

of information

We analysed a recent TDR case in Hong Kong to uncover its shortcomings in terms of
the factors set forth above and determine how a TDR programme can better match Hong
Kong’s characteristics. The case was that of Sheng Kung Hui Compound, an important reli-
gious landmark in Hong Kong. To reduce the landmark’s overall density, the government
agreed to transfer 11,000 square meters of its floor area to another piece of land. However,
many conflicts were revealed during the TDR project application and implementation
process. These included a lack of prior consultation about the project, which led to dissatis-
faction among residents due to noise and traffic; the developer’s overly strong focus on
obtaining private profit; the vague information provided by the TDR programme; and the
unclear responsibilities of the various departments involved.
In the Sheng Kung Hui Compound case, the institutional and regulatory issues in-
volved opposition arising from the lack of authoritative regulation of the receiving areas
and their FAR ceilings. To make a case for the use of TDRs, it is critical to explain to a
difficult-to-convince public that the additional FAR in the receiving area will not exceed its
environmental carrying capacity. Moreover, it is difficult for all the relevant departments to
agree on the communication, recognition, and cooperation needed for TDR management
procedures, resulting in public confusion and questioning of the legitimacy and reason-
ableness of the TDR programme. The TDR programme design issues in the Sheng Kung
Hui Compound case were caused by the lack of clear regulations and standards governing
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Hong Kong’s TDR programme, which uses a case-by-case approach. This approach is
inconsistent with the standard of simplicity and ease of operation and can incur signifi-
cant transaction costs. Furthermore, the TDRs used for the Sheng Kung Hui Compound
case exceeded the usual incentives for commercial developers, defeating the programme’s
original purpose of using such incentives to encourage developer participation. The social
support issues raised by the Sheng Kung Hui Compound case were evident: the case
project met with strong public opposition. The public’s lack of access to timely, transparent,
and accurate information about the project and the lack of clear channels to participate in
monitoring it undermined the principle of social equity.

4.3. Optimisation Strategies for TDRs in Hong Kong

Hong Kong currently uses TDRs only to a limited extent to manage historic preser-
vation, and if it is extended to more universal urban renewal projects, the sectors and
stakeholders involved are more complex. Furthermore, the projects may involve other
new issues, such as challenges to the government’s right to control, damage to the natural
environment, and undesirable social conflicts. Therefore, we propose optimal strategies for
TDRs in Hong Kong in response to the shortcomings reflected in current practice.

First, good institutional and regulatory support must be established. Legislation is the
key to controlling urban planning and land development and utilisation. The government
should take sustainable urban development as its guiding principle and continuously
establish and improve a feasible TDR system that includes implementation processes,
steps and methods, all supported by a strong enforcement mechanism. In addition, the
TDR management agency should be empowered to clarify its responsibilities and powers,
thus facilitating its future communication and coordination with various departments and
reducing transaction costs.

Second, a scientific TDR programme design is necessary to make the TDR programme
clear and easy to understand. The implementation of new TDR projects must be accompa-
nied by reasonable and science-based TDR pricing, designation of sending and receiving
areas, transfer ratios, usage of receiving areas, and other incentive policies.

Third, a higher level of social support is required. It is necessary to establish an
information disclosure mechanism for the TDR programme. In addition, the public should
be made aware of its role in TDRs. This can be achieved by educating the public about TDRs,
publicising the programme’s benefits, monitoring the development and construction of
receiving areas and sending areas, and maintaining fairness to encourage public monitoring
of TDR projects.

5. Discussion and Conclusions
5.1. Discussion of the Research Questions
5.1.1. Outputs of the Three Research Questions

We proposed three research questions: (1) What is the core obstacle in Hong Kong’s
urban renewal process and potential solution of density schemes under various FAR
regulations? (2) Which density scheme outperforms based on successful precedents in the
international arena? (3) How to ensure the incentive policy targeted to improve the current
deficiencies in Hong Kong?

We completed in-depth research and argumentation on three research questions. For
the first question, we sorted out the historical policy evolution of Hong Kong and argue
that at this stage, the most important obstacle in the process of urban renewal in Hong
Kong is the insufficient participation of the private sector. There is an urgent need to
stimulate the participation of private developers in the urban renewal process through
certain policies. Through literature review, we found that the solution to this obstacle is
the stimulation of density schemes, including on-site density bonuses, land-use variance,
and density transfer. This answer captures the fundamental contradiction for the complex
proposition of urban renewal and provides the set of policies to be used to solve it. For
the second question, we compared the maturity, advantages, disadvantages, and room
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for improvement of various density scenarios. The answer concludes that TDR has better
results and stronger application promotion value at present. This answer is a very relevant
choice of a cutting-edge option in the policy set, and points to a new urban renewal path
for Hong Kong. For the third question, we sorted out the success factors of the selected
incentive policies and evaluated the existing cases in Hong Kong accordingly. We answered
three key shortcomings of Hong Kong’s current TDR approach, namely the lack of a well-
developed system and regulation, the absence of a design system for TDR, and the low
level of community participation and support. Their targeted solutions are to accelerate
the legislative and regulatory system, to emphasize simplicity and science in TDR design,
and to increase the public transparency of TDR information. This answer provides concrete
guidelines for implementing TDR policies on the ground in Hong Kong.

5.1.2. Future Research Outlook

Further research can carry out more targeted localization research on the success
factors and key performance indicators of TDR policy in Hong Kong by in-person inter-
views with different stakeholders. As for success factors, the purpose of the interview is
to gather opinions from representatives of the government (planning department, build-
ings department, and lands department), business sectors (developers in the residential
and commercial real estate industry with or without experiences in certain districts), and
academia (experts in the fields of urban economics, urban planning, and housing studies)
in order to determine the relative importance of the various factors. As for key perfor-
mance indicators, stakeholders include members of industry sectors (professionals in the
residential and commercial real estate industry) and members of the general public (house-
holds living in the ageing building and their neighbourhoods). Hence, the further research
based on the assessment from stakeholders should identify a set of success factors in FAR
regulations as precautionary measures to ensure the efficiency and effectiveness of policy
implementation, and develop the performance indicators to help monitor and control the
delivery of redevelopment project.

5.2. Conclusions

We explored feasible options and optimisation strategies for urban renewal policies in
high-density cities such as Hong Kong. We first reviewed the evolution of Hong Kong’s
urban renewal policies and identified increasing government involvement in urban re-
newal. The participation of the government in urban renewal has alleviated some of the
difficulties associated with promoting urban renewal in a fully market-oriented environ-
ment, specifically the low returns associated with the renewal of old high-density areas.
However, it has also imposed a considerable financial burden on the government and has
not overcome the problem of weak private sector participation. Therefore, Hong Kong
should introduce more incentive-based policy instruments to accelerate the urban renewal
process in high-density areas by encouraging public—private partnerships.

To this end, we conducted a literature review of studies of FAR regulation that spoke
to a policy solution for Hong Kong. We found that FAR regulations tended to transform
over time from direct regulation to incentive policies. The core issue of FAR regulation
is the need to address developers’ unwillingness to participate. This unwillingness is
attributable to the contradiction between developers’ desire for profitable high-density
development and cities’ need for low-density planning to improve quality of life. Direct
regulation does not increase developers” willingness to participate, and thus slows down
the process of urban renewal. In contrast, incentive policies can attract the participation of
the non-government sector through a market-based approach. TDRs, a new instrument
available under the current FAR regulations, permits development rights to be moved from
one zone to another. The application of TDR has been effective in many countries and
regions because they have established comprehensive policies and systems to establish
scientifically based pricing to designate sending and receiving areas, to define the transfer
ratio, and to choose receiving areas according to local conditions.
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The literature has fully affirmed the effectiveness of TDRs in stimulating developer
participation and achieving appropriate FAR. The reason for TDRs’ international success
lies in sound TDR legislation and regulations, a strong management body, a simple and
motivating programme design, and strong social support. However, judging from the
practical case in Hong Kong, all these aspects are underdeveloped. To better promote
the application of TDR, we propose the following three targeted improvement measures:
(1) create and enhance a workable TDR programme, together with a series of implementa-
tion procedures, actions and techniques, all backed by a powerful enforcement mechanism;
(2) ensure that the TDR programme is designed scientifically and includes acceptable TDR
pricing, designations of sending and receiving areas, a transfer ratio, the use of receiving
areas, and other incentive programmes; and (3) increase social acceptance of TDRs by
promoting the public oversight of TDR programmes.
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Abstract: In this paper, we explore the complex entanglements between ongoing land conflicts and
climate shocks, and their implications for risk governance paths and evolution. We focus on ways
in which concepts of shock and conflict can be incorporated into social-ecological systems thinking
and applied to risk governance practice in a southern cities context. Through a qualitative inquiry of
two slum redevelopment projects in Bhubaneswar city in India, we trace the origin and evolution
of conflict around land tenure and eviction in informal settlements, as well as its interaction with
local manifestations of climate shocks. Climate policies, as responses to climate shock and intended
to mitigate climate risk, are observed as constructed, interpreted, framed, and used strategically
by formal actors to further urban development objectives, while the local knowledge systems, risk
perceptions, and adaptations are ignored in practice. This study helps to re-think the complexities of
climate risk governance in southern urban spaces where multiple risks overlap and interact within
the diverse realities of informality and vulnerability. A singular focus on one type of risk, on the
formal order to manage that risk, is likely to overlook other risks and opportunities. Hence, shocks
are likely to produce more unanticipated effects, conflicts function as the unobserved middle term,
and the formal policies and plans to mitigate climate risk contribute to the creation of new risk.

Keywords: social-ecological systems; shock; conflict; southern urbanism; local climate governance;
urban planning

1. Introduction

In recent decades, climate change in the face of fast urbanization has provoked new
forms of interventions and risk governance within southern cities as a key imperative action.
Scholarly studies continue to stress the importance of examining resilience and adaptation
policies beyond their performativity toward developing a combined understanding of
complex riskscapes and associated vulnerabilities [1-4]. Other scholars have called for
different frameworks to understand the external hazards or systemic shocks as well as
scrutinize governance strategies and tools that engender internal social conflict [5-8].

The idea of shocks can be traced to ecology, and later to social-ecological systems
and resilience thinking, wherein systems (such as urban systems) are assumed to be
stable, and expected to cope, bounce back, or bounce forward after a shock event to
maintain equilibrium, or end up collapsing in events of disruption emanating from its
environment. In this study, we begin with the assumption that social-ecological systems
never collapse completely when they experience shocks [8]. We refer to shocks in this
study as specific events attributed to climate change that disrupt the city system when a
coordinated governance response is not possible. These events can have a significant impact
on already existing disturbances within, and provide opportunities for the emergence of
conflicts. Studies within the planning and governance scholarship continue to frame conflict
through a negative bias, as a phenomenon to be avoided in practice [9-12]. Most policy
attention thus goes into determining the cause of conflict to resolve it [10,12-15]. In the
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context of many southern cities, the conflict is predominant between formal and informal
systems, and consequently, plans and policies operate through conscious forgetting [16,17],
or a system of deregulations and maintenance of power relations through territorialized
flexibility by state institutions [18].

In this paper, we offer theoretical and empirical insights into the role of climate shocks
and social conflicts in climate risk governance. We focus our attention on southern cities to
understand how climate shocks and social conflicts around eviction dynamics influence
climate risk governance paths. The sites of inquiry are two slum settlements in the city of
Bhubaneswar in India, where there are ongoing tensions between state-led development
goals on one hand, and increasing climate risk on the other. The aim of the paper is to
understand the combined effects of climate shocks and urban conflicts in risk governance
in southern cities. In the context of Bhubaneswar, we conduct this study with the following
research question: how do existing urban conflicts in informal settlements interact with
climate shock events to influence climate risk governance? Specifically, we examine the
decisions and implementation of recent Smart City initiatives as well as the State Climate
Action Plans in Bhubaneswar which tend to employ slum redevelopment as an urban
land rejuvenation and climate adaptation strategy, its manifestation within existing local
urban practices, as well as its entanglements with climate shocks. We investigate two slum
redevelopment projects in which there are ongoing tensions between continuous eviction
attempts of formal state authorities and self-organization strategies of local slum residents
to achieve land tenure.

We employ a qualitative lens, undertaking an in-depth ethnographic inquiry of two
slum redevelopment projects in the study area to provide insights into an alternate under-
standing of risk including its governance and management within informal settlements at
the local scale. Through this study, we argue that the combined effects of climate shocks and
existing formal/informal conflicts manifest in multiple overlapping risks that become easily
observable and clear, while also limiting climate action to more ad hoc, spontaneous, and
short-term adaptation practices. The existing planning and governance decisions around
risk have a tendency to contribute to naturalized social conflicts that reduce the chances of
long-term adaptive capacity and perpetuate vulnerabilities of slum residents. This study
contributes to the discussion on risk governance and southern urbanism, highlighting the
presence of modernist planning legacies manifesting through fantasy visions for urban
spaces, and cautions toward the unintended effects of not integrating formal/informal
tensions within governance frameworks.

We refer to fantasy visions of urban space in the sense that what is projected into
the future is not informed (enough) by knowledge of local problems and potential, but
structured by desires. The structure of the visions enables us to discern the nature and the
source of such desires. These are not merely imaginaries, which always exist, and which
are needed for future-oriented governance, providing narratives enabling coordination
around particular futures [19]. In order to speak of fantasy visions, we need to discern a
disjuncture between vision and current reality, a blindness for aspects of the present which
ought to inform visions for the future [20,21].

In the rest of the paper, we elaborate on the various aspects of the paper. We begin
with a short introduction of the concepts of shock and conflict in Section 2, along with
a brief on the study framing within an evolutionary perspective in the environmental
governance literature. This will be followed by the methodological aspects of this study
in Section 3. In Section 4, we introduce the main findings and observations from the two
cases, followed by a brief discussion in Section 5 in light of possibilities and theories around
the vulnerability and adaptation of urban communities. We provide some reflections on
our study in the concluding thoughts in Section 6, also highlighting some limitations and
future explorations based on our findings.
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2. Climate Shocks and Social Conflict

We frame this study broadly building on the perspectives provided by social-ecological
theory and resilience-based approaches in planning that aim to understand cities associal-
ecological systems. Systems constantly try to be resilient and adapt to their changing
environment, while undergoing a transformation in the process [22-29]. Adaptation in this
sense is broadly finding ways and means to find a ‘fit’ between the city and its environ-
ment, while a lack of adaptation can create disruptions to the internal functions within
the system [30-33].

We use an evolutionary perspective on environmental governance, specifically, an
EGT lens (Evolutionary Governance Theory), which argues for continuous observation,
strategizing, and coordination to identify limited options available at a particular time for
achieving governance goals [7,34-37]. Governance here refers to a form of coordination
among actors and institutions in taking collectively binding decisions within a community
and place. We make a clear differentiation between government and governance, which
means that governance is never the domain of just the formal governments, but a combina-
tion of decisions by formal and informal actors and institutions [35]. There is no perfect
procedure or design for governance, since it is heavily dependent on the time and context
where it is observed.

EGT sees governance as constantly evolving, within which its various elements, i.e.,
actors, institutions, discourses, power, and knowledge are co-evolving with each other. Using
this perspective, shocks and conflicts are seen as related and influencing each other, and both
in turn can combine to influence governance contexts. This paper uses these perspectives
to observe Bhubaneswar city and identify how specific shock events induced by climate
change, particularly cyclone events, combined with existing social conflicts (between slum
resident groups and formal planning institutions) to influence planning and governance.

The specific events of systemic disruption when a system fails to find a coordinated
governance response are referred to as shocks [8]. We do not use other conceptualizations
of shocks within SES literature such as tipping points, equilibrium and collapse, and
critical transitions [25,27,38—42] that are rooted within ecological studies and assume that
phenomena within natural systems can be mirrored for observations within the social
systems. The shocks can emanate from inside or outside the social-ecological system (in
this study, the city of Bhubaneswar), such as political coups and wars (internal origins)
and climate-induced events and stresses (external origins) [43,44]. As described earlier,
we focus our attention on the latter, and more specifically on climate shocks that often
manifest in the form of crystallized disaster events that cause temporary or threaten to make
permanent changes within the city governance system, and are easily observable [45,46]. At
the same time, we recognize that shocks are socially constructed events, meaning they do
not occur in isolation from their social and ecological context, and often have far-reaching
impacts on other social systems such as economic and political systems [47,48]. Shocks can
further influence future risk interpretations and ways to observe and cope with them from
within the system, through the creation of new meanings, risk and governance objects, and
power/knowledge configurations [49-55].

We refer to conflict in this study broadly as prolonged disagreements, incompati-
bilities, and struggles between different actors and organizations within a social system
concerning the use of resources, organization and development of spaces, or processes of
response to shocks [56]. Unlike shocks that emanate from the environment (of an SES),
conflicts always have discursive origins within the social system. Conflicts are ongoing
processes (not episodic events) that can be observed, resolved, and managed through
governance and planning. Conflicts can exist between formal and informal actors and
organizations and are dependent upon history, governance context, and degree of trust
between actors [8]. Conflicts can be also between different stories and imaginaries about the
past, present, and future of communities and their shared spaces. Stories and imaginaries
in our governance perspective cf [57,58] are necessary for governance to function, as part
of the power/knowledge configurations that drive governance. They can enter governance
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from the community, from elite actors, and they can be produced in governance and used
to persuade residents of a particular policy or a particular future.

In the context of the climate change literature, conflict is conceptualized within the
cause-outcome approach in multiple ways, ranging from the focus on direct influences (of
changing climate) in the form of security threats at international and national levels [59-64];
to ecological threats [37,65,66]; and to indirect influences such as climate shocks creating
space for conflict [67,68]. Other scholars however argued that these linkages are rather
over-simplistic and positivist, and conflict needs better understanding through alternate
interpretive lenses [6,69,70]. Our orientation in this study is towards the latter proposition,
hence the search for new ways of understanding and interpreting shocks and conflicts.

Both shocks and conflict can be productive as well as destructive. In their theoretical
paper, Van Assche et al. [8] highlight how shocks and conflict can be useful in the creation
of new narratives within communities, new institutions, new landscapes, and reflective
governance insights. Their combinations can potentially spur innovation in governance
and sometimes result in fast evolution. Yet, shocks and conflicts, when combined, have neg-
ative effects if they force decision making that forgets particular identities and discourses
around previous shocks. Within governance, scholars have highlighted how the adoption
of short-term coping responses to climate shocks can be potentially maladaptive in the
long term [52,71-73].

Despite the theoretical advancement of shocks and conflict in social-ecological systems
and resilience theories, their application in southern cities, particularly in informal settle-
ments (such as slums) remains scant. The links between informality and climate change
are complex, yet understudied in cities worldwide. Informality in planning practice in
general has largely remained outside the scope of formal plans/policies, and this legacy has
continued in the formal climate plans [18,74]. Informal settlements are usually seen from an
order/disorder lens, thus conceptualized as chaotic, illegal, and unwanted spaces within a
city that need revival for meaningful development in cities [75-78]. Due to the ongoing
struggle for a city’s spaces, its resources, legitimacy (both in practice as well as in formal
plans and policies), as well as access to socio-political networks, the informal settlements
within cities are naturally prone to conflicts with the formal planning system [79].

Recent emergent scholarship has however critiqued the above approach, highlighting
that existing plans and policies on climate change fail to capture the various drivers of
vulnerability in informal settlements [78,80-82]. Studies advocate focusing on the existing
realities that exist within the informal settlements, including local risk knowledge, self-
organization, and transformative potential of the residing communities, as well as the
possibilities around creating seemingly formal institutions and adaptations to multiple
overlapping risks emanating from climate change and non-climatic issues. We study the
informal settlements in Bhubaneswar through the latter lens on informal settlements—that
they are always in flux, always self-organizing in relation to multiple risks (livelihood,
political, social, and climate change risks), and in constant interaction with the formal
system of actors and institutions. The interactions between the informal and formal
systems are never ending, and may result in collaboration and increased participation in
some cases and projects, and it may result in conflicts and mistrust in other cases due to
disagreements over the organization of urban space. We apply an EGT lens to understand
the emerging conflicts in informal settlements in the study area, while also mapping the
effects of how the nature of conflict changes when it overlaps with acute climate shocks.

3. Cases, Data, and Method
3.1. Background and Study Area

This study was carried out in Bhubaneswar city, the capital of Odisha state in India.
Bhubaneswar has a history that goes back over two thousand years; the city was a religious
center, and gradually turned into the administrative capital of Odisha in 1948 after India’s
independence. The city grew sharply in the late 1990s and 2000s, with the rapid growth of
public and private corporations and infrastructure projects [83,84]. This growth has been
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complemented by a rapid in-migration of population groups and a rapid growth in the local
economy in the last two decades. At present, the city has a population of 840,834 !, with
163,983 persons (19.5 %) in 436 slum settlements [85,86]. The two relevant formal planning
actors in Bhubaneswar are the Bhubaneswar Municipal Corporation (BMC), which is the
elected urban local body responsible for the implementation of planning initiatives, and the
Bhubaneswar Development Authority (BDA), which is the parastatal body responsible for
planning activities. Other state organizations such as the State Climate Change Cell, Odisha
State Disaster Management Authority (OSDMA), and State Pollution Board (SPCB), along
with local and international organizations (World Bank and United Nations Development
Program), also coordinate on matters of risk management, adaptation, and resilience along
with other general urban development goals.

Bhubaneswar city (and Odisha state in general) has a history of experiencing disaster
events; thus, disaster risk reduction thinking has been deeply entrenched in public and
institutional memory for decades. Throughout the 2000s, there was a sharp growth in the
city, with multiple development projects emerging. During this time, the frequency and
intensity of rainfall, as well as disaster events such as cyclones, floods, and heatwaves
have increased, as noted in the State Action Plan for Climate Change (SAPCC) that was
formulated in 2010, and subsequently revised in 2015 and 2018 [87]. The SAPCC identifies
multiple responses through a combination of mitigation and adaptation actions to balance
the economic developmental interests with the climate goals of the state. These actions
range from industrial pollution and GHG emission reduction to rainwater harvesting
and resilient infrastructure toward improved disaster risk communication and updating
existing institutional capacity. The state departments and the city municipal body in
Bhubaneswar are at the forefront of most climate action in the city. The SAPCC attributes
various climate risks in Bhubaneswar to multiple factors that include growing rural-to-
urban migration and proliferation of slums in the city, which are making the city less
resilient, while acknowledging that these spaces are the most vulnerable themselves to the
effects of climate change [87].

Since 2011, owing to the framing within the SAPCC as well as other plans and policies,
slums have gradually become a spatial object of governance ? in Bhubaneswar. The new
city masterplan in 2011 and SAPCC in 2015 subsequently contributed to the discursive
construction of slums as climate risk objects and governance objects, by framing slums
as high-vulnerability areas that needed intervention. Consequently, the policy responses
within the SAPCC identified affordable housing projects, including various slum redevel-
opment projects, as a relevant adaptation strategy to reduce climate risks in Bhubaneswar.

In the absence of a city-wide redevelopment plan, the BDA has formulated several
slum redevelopment projects throughout the city (as of December 2022, 11 projects are in
progress in several parts of the city) to implement the various plans [88]. These projects are
guided by central and state-level policies as well as legislations. Noteworthy among these
is the central vision of a slum-free India that was launched through the flagship program
viz. Rajiv Awas Yojana (RAY) in 2013. In Odisha, the Land Rights for Slum Dwellers Act
(LRSD Act) was passed in 2017, which guaranteed limited land rights to all slum dwellers
in the state. Consequently, the Odisha Livable Habitat Mission (also known as the JAGA
Mission) was launched to provide land titling to slum dwellers in Odisha. The LRSD
Act in 2017 did not initially cover large municipal corporations including Bhubaneswar,
but eventually was amended in 2022 to include all urban areas in Odisha state, including
Bhubaneswar. It is noteworthy here that prior to its introduction in Bhubaneswar, the
JAGA Mission has been considerably successful in several towns and cities in Odisha, and
has received wide recognition internationally [89].

The ‘slum-free’ goal of the state was emphasized within the centrally led Smart City
Mission 2015 (slum-free neighborhoods to achieve the goal of climate-smart cities). The
SAPCC also identifies the need to integrate cost-effective and resilient buildings in ex-
isting slum redevelopment projects [87,90-93]. The projects are built through two main
implementation strategies—first, through the process of in situ development (provision of
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maximum 30 sq. meters of land per household to existing residents) or second, by evictions
and resettlement in transit homes [94,95]. The LRSD Act, however, provides limited rights
to the slum dwellers (no entitlement, no resale and sub-leasing), and does not specify
procedures for implementation [96]. In the absence of clear procedures for redevelopment
projects in the legislation or the plans, the actual practice of slum redevelopment is domi-
nated by past approaches of slum clearance and relocation through enforcement. In recent
times, the Enforcement Wing within BDA has engaged in the eviction of several slums and
other unauthorized settlements throughout the city (335 evictions between 2021 and 2022),
as part of its slum redevelopment strategy. While many of the evictions have been largely
peacefully carried out, there are also several instances of conflicts between the residents of
informal settlements and the formal authorities [88,97-99]. These projects that led to local
conflict are the cases chosen for this study due to their relevance to the research question.

Considering the above context, slum redevelopment initiatives in two locations within
the city were selected for detailed analysis in this study, viz. Shantipally and Pandakudia
(see Figure 1). The redevelopment projects in both the slums are ongoing, involving
the relocation of six slum settlements in total. The two sites were selected as cases for
this investigation since they have a similar history within the city, have similar risks and
practices, have some form of self-organization visible, and, most relevant to this study, were
both sites of conflict between the local slum resident group and local planning authorities.
These two slums were selected eventually based on extensive media coverage of the eviction
process since the redevelopment projects started.
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3.2. Shantipally Case

The Shantipally slum has existed since the early 1980s in the center of Bhubaneswar
city, and is home to over 1200 households at present. The land is in a low-lying area near
a watershed area that was for most of the 1990s uncontested land. By the 1990s, with the
economic boom in the city, the slum grew in size in recent times. In the early 2010s, to free up
previously occupied public land by slums and squatters, various small-scaled eviction drives
throughout the city began by evicting squatters, small roadside shops, and temples, but no
significant threats were seen to the Shantipally slum due to its strategic location in a seemingly
uncontested and unproductive land in the eyes of the burgeoning real estate market 3.

3.3. Pandakudia Case

The initial eviction drives by the BDA since 2016 had a domino effect throughout the
city, with over a hundred evictions of residences, shops, and religious buildings picking
up pace in recent years, especially since 2017. Between 2017 and 2021, five slums, viz.
Jagannath basti (basti is the local word for slum), Gowda basti, Farmgate basti, Trinath basti,
and Laxmi Nagar basti were evicted from various parts of the city and allotted temporary
land for rehabilitation in Pandakudia. Of relevance to this paper is the conflict that sprung
up between BDA and BMC officials and the residents of Jagannath and Farmgate basti,
residents who resisted the eviction attempts for months before eventually being evicted by
force to the Pandakudia site in 2018. The reasons for evictions of these slums, as deciphered
from various media reports covering the eviction drives, were land acquisitions for airport
expansion as well as land clearance for large infrastructure projects as part of the city
hosting two international sporting events. During the interviews with slum leaders and
residents, the participants highlighted that the slums had a long history of eviction threats
since the 1970s (there were conflicts earlier in 1975, 2002, 2006, and 2011 due to eviction
threats). However, in 2017, based on our observation and data collected, the eviction
threat seems to have been compounded by other powerful discourses in the city, through
slum-free policy, climate, and smart city ideas 4,

3.4. Data Collection, Method, and Analysis

We employed a qualitative case study approach in this study. The qualitative case
study inquiry is extensively used in planning studies due to its usefulness in exploring
‘how” and ‘why” questions, and in situations where the researcher has very little control
over the phenomena of interest [100-103]. The slum neighborhood is the geographical
unit of analysis, while we also analyzed the various stories and statements narrated
by the participants of this study based on their content and usefulness to answer the
research question cf [103]. This study is positioned broadly within a social constructivist
paradigm, meaning that realities are socially constructed through subjective meanings and
perceptions of individuals, including the researchers. We also adopt an evolutionist lens that
emphasizes the importance of understanding phenomena through the lens of temporality.
This means that the governance system in a city is always unstable, and changing. The
governance system is also observed—especially in as far as different influential actors
take collective decisions affecting the neighborhood (in this case, the slums), but also as a
place where discourses originate, enter, and transform the neighborhood itself as well as its
relationship with rest of the city.

Data collection was carried out between May 2020 and January 2022 using online
mode as well as through fieldwork in Bhubaneswar city (we adapted the overall fieldwork
based on the restrictions owing to the COVID-19 pandemic). The methods utilized were
semi-structured interviews (28 participants), document reviews (of plans, policies, legal
documents, and media reports), and direct observation. In total, 9 state actors, 16 non-state
actors (including 3 activists and 13 slum leaders and residents), and 3 academic experts
were interviewed after recruitment through snowballing [104-106]. The main approach
of interview recruitment and sampling employed in qualitative research was based upon
data saturation [104]. The focus was thus on the richness of the data collected as opposed
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to the quantity, drawing from Maxwell [104]. Guest, Bunce, and Johnson [107], in their
exploration of the adequate number of interviews, found that between six and twelve
interviews are enough for most qualitative studies. Our sample of 28 respondents is in line
with these findings, as well as caters to multiple state and non-state actors. All interviews
were conducted either in English or Odia (the local language), following all ethical protocols
and data protection standards. The questions during interviews revolved around sharing
past and present experiences of the redevelopment project and the existing disagreements
between the communities and state officials. The interviews lasted from 45 to 120 min,
wherein all questions were open-ended questions.

The interviewees were chosen by us partly by identification of key actors in media
and policy documents, and partly by snowballing during the fieldwork, i.e., interviewees
pointing at other people as potential interviewees. Interviewees were selected not only
because they were ‘key actors’, i.e., people with influence on decision making and insight
in governance, but also, in other cases, because they had a good insight in the processes of
shock and conflict locally, or because they represented clearly different perspectives on what
happened and what should happen. We ended the process of conducting interviews when
we reached a point of saturation, i.e., when patterns of discourse started to repeat themselves,
and when the mapping of local governance and the entangling with shock and conflict (the
research question) became clear and understandable, and the logic became apparent.

The key data sources were interview transcripts, field notes, memos, and documents.
We transcribed all interviews and coded them for descriptive and thematic codes. The
codes were both inductive and deductive, based on the existing literature as well as the
interview text. Codes were used to capture the emerging themes from the conversations
and documents such as self-organization, adaptation practices, risk, and vulnerability. We
employed thematic analysis to arrive at the main themes and coding categories relevant
to the research question. The findings from the cases are used to arrive at theoretical
propositions and generalized theory on SES and resilience theory, as well as policy in
similar governance contexts.

4. Findings
4.1. Shanti Pally Redevelopment Case
4.1.1. Emergence and Persistence of Conflict

A major turning point in city planning in India came in the form of the introduction of
the new Smart City Mission at the national level in 2015. A hundred cities were selected
from the list of proposed smart cities throughout India based on a competitive ranking
system between cities, with Bhubaneswar city leading the list. Consequently, a smart city
proposal and strategies were formulated by 2016, which had overall goals to create spe-
cific smart and climate-resilient neighborhoods through area-based development through
urban design approaches, as well as digital governance system introduction as the key
implementation strategy [84,90,108,109]. Bhubaneswar city’s proposal involved multiple
slum redevelopment projects (with the aim to build smart and resilient development) in the
city that included a large 2232-household redevelopment project near Shantipally, through
a PPP (Public-Private Partnership) mode. With the introduction of the new Smart city
discourse, new stories were introduced within the city system. Slums became a governance
object owing to politics around evictions, and new planning goals were introduced in plan-
ning in the form of slum redevelopment that became an active governance strategy. These
projects were framed as having co-benefits of being climate adaptive action in the revised
Climate Action Plan in 2015 [91]. There was an acute shift in the prevailing stories and
imaginaries among planning and municipal institutions, from ‘slums as illegal encroach-
ments’ to ‘slums as illegal as well as risk to climate change and city image’. Interviews
with slum leaders in Shantipally revealed that the slum dwellers initially looked up to the
new Smart City Initiative as a positive change that could potentially provide them with
opportunities. A resident, for example, described the following:
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“When the BDA did the Smart City survey, we were overjoyed that we would get all
facilities like hospitals, grounds for our kids to play, and many other facilities. It came so
suddenly; people here were very happy. We were just happy that our lives will improve.”

As the surveys started for the construction project in 2017, there were severe dis-
agreements that emerged within the slum community itself, with one group of nearly
200 households agreeing to move to the redeveloped apartments in the future, while an-
other disagreed with the terms of displacement, demanding either land ownership or larger
apartments. Consequently, as interviewees revealed, the local political parties seemingly
entered the scene, and internal conflicts brought out political allegiances to the forefront.
There were initial eviction notices and informal coercion that proceeded. A slum leader in
an accusatory tone described the following;:

“That time there was party politics, they (the authorities) threatened us that they will
remove us by force. Due to these threats, we decided to file a legal case to get a stay order
from the High Court.”

The residents revealed that they decided to seek help from Right to Information (RTT)
activists °> who helped the community self-organize through the internal election of leaders
as well as provided them with necessary legal assistance to challenge the eviction in court.
The conflict became codified when the residents secured a ‘stay order” from the court,
which directed all stakeholders to maintain the status quo at the project site ®. Meanwhile,
due to evictions that continued in other parts of the city, we observed that the conflict
became normalized, as stated by an interviewee (a municipal planner) as “quite natural for
these slum dwellers to keep coming at us in one way or the other”, and that the state must
be “tough to develop the public land in the public interest”.

4.1.2. Entanglement with Climate Shocks

While the existing social conflict was ensuing, the residents refused to be temporarily
shifted to a nearby lowland area till the construction of the proposed housing project was
completed, citing risks of waterlogging in the area compared to the safety of their present
location, which they “made habitable” on their own. A slum leader reflected the following:

“We didn’t trust their words. We would not have survived there. That year (2018)
there were floods, and the water reached chest height. Later many of our neighbors who
used to oppose us also agreed that if we did the right thing and not moved there, we would
have been in big trouble. Our houses would have got flooded.”

Local risk knowledge was likely being ignored in the adaptation frameworks by for-
mal organizations, leaving space for more vulnerability of already at-risk communities.
Following this event, the city administration faced a climate shock when the powerful
cyclone Fani struck the city, bringing the physical infrastructure and service to a complete
standstill for over a week and the social infrastructure for many months. For the slum resi-
dents, this meant the exacerbation and entanglements of multiple risks (health, livelihood,
and housing risk), as well as the struggle for basic resources. The legacy of mistrust and
unequal power relations between actors also likely deepened the conflict over the nature of
post-shock recovery. A slum leader reflected on the post-Fani experiences as follows:

“There was no electricity for seven days throughout the city. When the BMC finally
restored the electricity in nearby areas, they ignored Shantipally at that time. Only after we
protested in front of the electricity Department office did they finally restore it for us after
many days.”

With limited help from the authorities during the recovery phase, residents described
that they had to rely on local private NGOs for relief, as well as to fix their damaged houses,
and had to deal with waterlogging due to incessant rains. This also meant low motivation
to invest in any future meaningful household-level adaptation actions, citing that they

“will be removed from this location anyway” 7.
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4.1.3. Current Status

The community in Shantipally is hanging on to their existing land, while the case is
still pending in court. The old disagreements remain among the actors, and based on our
interviews, we interpret logically that the room for negotiations is seemingly narrow at this
point. With several other projects within the smart city proposal in various parts of the
city going on in full swing, the pressure of holding on is getting more complicated. The
emergence of local slum leaders through the help of activists has provided a greater voice to
the community, and space for future possibilities for a shared vision for the redevelopment
project. Yet, we observed that local knowledge remains ignored in the implementation of
the projects, especially in the management of risks as prescribed in the climate action plan
that seems to be biased towards expert knowledge on resilience and adaptation, and also
tends to have a narrow focus on risk assessment; i.e., a wide range of risks may be identified
in the plans, but their overlaps with each other and with other elements of governance are
not easy to decipher and are even more complicated to observe and interpret as they unfold
in practice. From the case observations, it was clear that chronic social conflict has reduced
trust between actors, making even short-term adaptation actions self-contradictory and
difficult to implement.

4.2. Pandakudia Case
4.2.1. Emergence of Conflict

The BDA had an incremental approach to large evictions in recent times, as revealed
by senior authorities within the BDA. The BDA managed to displace nearly 80 houses
in July 2017 before the sporting event commenced. Following this, in early 2018, they
demolished nearly 20 shops and the temple that was located at the center of Jagannath
basti. This triggered unrest among the slum residents, who decided to protest 8. A slum
leader remarked the following;:

“They (authorities) wanted to divide the shop owners from the rest, assuming that
the Basti Sanghatan (Slum Committee) will weaken—this is because the shop owners were
providing financial support as well as food for our community during emergencies. We
(the slum committee) didn’t let them divide us, though. We collected money from all
households in our slum to tackle the absence of shops.”

As the evictions continued incrementally, the slums started to reduce in size. The
residents revealed that they eventually decided to organize formal protests to negotiate with
the BDA and BMC believing they “will find a way to stop the evictions just like in the past” °.
At the same time, local old rivalries seemingly emerged, with the slum leaders opining that
local politicians and leaders who were waiting for electoral gains likely saw this conflict as
an opportunity for demographic change (through the removal of the slum) within the area,
and thus supported or opposed the eviction informally based on their interests.

Local risk knowledge was yet again likely ignored by the authorities in the redevelop-
ment project, thus increasing the vulnerability of the slum residents due to poor land use
decisions. As mentioned earlier in the paper, neither the masterplan, the SAPCC, nor any
local policy of the BDA and BMC specifies any rational process involved in the selection of
land for relocation of slums. Senior BDA officials within the Enforcement Wing confirmed
this during our interviews, while also mentioning that they take decisions “on the ground”
regarding relocations, depending upon the degree of cooperation by the slum community
and the nature of the conflict. The proposed Pandakudia site is itself in a flood-prone area
next to a reserve forest land on the outskirts of the city with a poor access road (revealed
during interviews with senior BDA officials, and corroborated through a personal visit to
the site). These potential new risks of displacing the community were ignored by the state
organizations during the planning process; yet, the slum community was aware of this
before relocation. Apart from the usual demands related to property rights and livelihood
opportunities, the slum leaders emphasized in our interviews that they conveyed to the
authorities the local risks associated with flooding and human-wildlife conflicts (the site is
close to an elephant reserve). A slum leader during an interview remarked the following:
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“When we got the news that they were planning to shift us to Pandakudia, some of us
had visited these places out of curiosity. Just like they were surveying our slum, we were
surveying their proposed site. We saw that the area was almost a forest with wild snakes
and elephants. We also saw that the main access road was always waterlogged, even on
non-monsoon days.”

4.2.2. Negotiations in a Context of Conflict

As the dates of the Hockey World Cup in 2018 got nearer, the eviction drives of the
BDA and BMC intensified, likely due to the pressures of achieving major development
milestones before the event. While the authorities began their surveys of the households
to be rehabilitated, the slum committee organized protests demanding land tenure. There
seems to have been informal coercion by the authorities by deploying the police force “that
looked like from outside the state since they did not speak the local language” as a strong
deterrent against any potential violent protest. The residents on the other hand threatened
the authorities with further protests during the sporting event to “protest and embarrass
the authorities” as a countermeasure 1.

Eventually, the residents agreed to negotiate with the authorities over the details of
compensation to be provided to the affected families. Upon negotiation, the authorities
helped the community move to the new location by providing them with transportation
and basic needs for a few weeks (such as water supply and temporary roofing material). A
slum leader recalled the following:

“First they said they will settle us in another site on the outskirts of the city. We refused.
After much arguments back and forth, finally, the Mayor and the Municipal Commissioner
said that they will offer 35,000 rupees. They promised to construct one toilet for 10 houses;
also they gave each house 120 square feet in Pandakudia. We did not agree, but what choice
did we have”.

4.2.3. Acute Shocks and Spontaneous Adaptation

Only a month after the residents were displaced, the community was exposed to a
major climate shock (Cyclone Titli in 2018) that created further precarity, since the residents
had not yet recovered from the displacement. A slum leader in the Pandakudia site recalled
the experience as follows:

“The two cyclones (Titli and Fani) hurt us badly. Due to heavy rains, the water flew
downstream here from the jungle area and washed away many of the walls since they were
merely built. All the sand that was accumulated here for construction was washed away.
We lost a lot of valuables such as a TV, refrigerator, and fans. So basically, the 35,000 that
we received as compensation, we lost most of it to the cyclones.”

Another slum resident highlighted how local coordination among volunteers and
community leaders was instrumental in temporary and spontaneous recovery actions:

“During cyclone Fani, the roofs of our houses started flying in the air. All the electric
poles were bent during the storm. The Electricity department initially did not respond
to our complaints. How long could we wait? After a few days without electricity, we
organized volunteers from all the slums here and restored it ourselves. It took us 7-8 days
of constant hard work. Even the houses, we had to reconstruct by ourselves. They just gave
us 10 kg rice and 2000 rupees after the cyclone.”

The double exposure caused due to overlapping risks (from climate shocks, and
development projects, plans, and policies) also brought about spontaneous coordination
among formal and informal actors, a positive effect of the combination of shock and conflict.
For example, during the cyclone events, the government disaster community officers
collaborated with the residents to effectively communicate risk and manage the evacuation
and post-disaster relief process, as revealed by several interviewees. This local coordination
helped the community cope with shocks with the loss and damage limited to material assets
and livelihood threats. A slum committee leader described how lower-ranked officials
from the BMC “contacted us informing about the cyclone 2-3 days before it came, and also
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helped a lot by arranging relief materials”. Yet, these collaborations were mainly with the
state departments about whom the slum leaders spoke positively during the interviews,
suggesting that the conflict may be a legacy of past local antagonistic relationships. Further,
the collaborations were also limited to post-disaster relief, while the long-term recovery
was left in the hands of the local governance system. Many new risks increased, such as
loss of old social networks and linkages, as well as weaker access to schools and hospitals
due to increased distance (many interviewees reported that school dropouts increased after
the cyclones). Apart from these, interviewees revealed unanticipated effects of the original
conflict in the form of the emergence of smaller conflicts, several smaller clashes occurring
among the newly displaced communities and older urban villages nearby related to the
construction of religious buildings and access to resources.

4.2.4. Current Status

As the communities focus on recovery from the recent shocks and adapt to the contin-
uous and intertwining risks, conflict seems to be naturalized from both sides, thus reducing
possibilities for long-term resolution or management. A senior planner expressed the larger
public interest behind going ahead with evictions, during an interview:

“Every eviction meets with resistance. The government has to go ahead, and the
proposed projects have to be built in the greater interest of the city. At times, the officials
have been attacked. This is natural, it happens all the time.”

In Pandakudia, while the conflict between the BDA and slum dwellers remains unre-
solved, the prolonged nature of conflict has also resulted in certain unexpected yet very
useful outcomes in the form of local NGOs !, often with organizational and financial
support from international agencies, now helping the residents by providing livelihood
support (facilitating financial loans, enrolment of children in nearby schools, retrieval of lost
documents, access to jobs, etc.). As a result, local adaptive capacity has improved in recent
times, although uncertainties over future evictions remain a possibility due to a culture
of mistrust between the formal and informal actors. While newer government guidelines
around the provision of land to the slum dwellers have been proposed, it remains to be seen
how they play out in improving the adaptive capacity and dealing with future risks of the
residents, and especially how they are implemented in the context of existing relationships.

5. Discussion

In this section, we shall discuss the above observations from the cases presented
through a reflection on the complex and contextual interactions between conflict and shocks
within a particular governance and policy domain. We make three broad observations
based on the cases and link them with the existing literature. Following this, we point at
several implications for climate risk governance in theory and practice, and finally provide
some reflections on future possibilities.

First, the cases discussed demonstrate that the slum redevelopment initiatives in
Bhubaneswar city rely on three strategies, viz. through eviction, demolition, and displace-
ment; active and passive coercion to negotiate land tenure; and passive neglect in the
aftermath of the shock events [110]. Both the Shantipally and Pandakudia cases highlight
that slum demolition and relocation remain the most active and favored risk governance
policy by formal organizations and institutions. This is based on the objective observation
and assessment of slums as a governance risk (including climate governance risk), and
consequent attempts to formalize them as a policy response.

Second, this study highlights how particular policy domains (in this case climate
risk and smart development policies) can engender local conflict, when specific aspects of
formal-informal interactions are not sufficiently addressed in the formal plans/policies and
when implementation faces resistance [6,111-113]. Consequently, the possible pathways to
observe risk, the vulnerability of marginalized groups, and options to respond to climate
shocks are influenced. The dominant planning and governance approaches, as we inferred
through our analysis of Bhubaneswar’s plans, policies, and legislations, are inspired by
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modernism, through prescriptive ideas and discourses associated with climate change,
resilience, and urban development. We refer to ‘modernism” here as an approach to policy,
planning, and administration where strong state administrations and their experts practice
the belief that they can objectively map out society, define problems, and articulate, with
scientific help, neutral and optimal solutions. In this case of planning, this can be linked
to a belief in ‘the best” possible organization of space through design or institutional
procedures [114,115]. We argue based on the synthesis of our findings that the state-led
smart city projects and large image-building infrastructure projects are a manifestation of
these policies, which are in this case based on a biased and only partial observation and
judgment of risk (including climate risk), resulting in selective use of governance tools
and instruments. In doing so, the governance tools continue with a chronic ignorance of
contextual factors such as local risk knowledge (based on history and lived experiences
of previous disaster events), existing nature of conflicts, informal institutions within slum
settlements as well as the plans themselves, livelihood networks, and local vulnerabilities
that determine urban practices and adaptation choices of slum dwellers.

Third, this study revealed how climate shocks and their entanglements with existing
social conflict made the overlaps between different climatic and non-climatic risks more
visible and easily observable [116]. In the cases discussed, local risk knowledge and
associated discourses that were previously not part of the land conflicts came to the surface
after the shock events, with the slum resident groups highlighting local risks as a key
factor in their refusal to relocate. Both the residents of Shantipally and Pandakudia, in
the reflections on the current status of conflict as well as future aspirations, brought up
flood and cyclone risk knowledge into the discussion. Risks from climate shocks also
increasingly became inseparable from livelihood and social risks that the residents faced
due to the shocks and the conflict. We further reflect and add that important climate
shock events can be crucial sites of scholarly inquiry to use analytical tools to observe risks
and help identify and open up ‘black boxes” within existing risk governance approaches.
We point to a dominant methodological challenge for risk governance, that is related to
managing overlapping risks [3,117-120]. In the present cases, conflict increased the slum
community’s vulnerability to a plethora of risks (climate, non-climate, and risks from
the decisions based on fantasy and imaginaries of smart-resilient neighborhoods). Old
narratives of conflict and mistrust between the slum residents and the authorities limited
the possibility of adaptive response to the cyclone event, even though interdependencies
improved momentarily during the cyclone-preparedness phase with evacuation and relief
work carried out seamlessly by the coordination of formal and informal actors.

Implications for Climate Risk Governance

Based on the case findings and discussions, we identify two implications for climate
risk governance. First, based on our interviews of state and no-state actors, as well as
direct field observations, there is a strong indication of the permanence of conflict within
climate risk governance [6]. This is corroborated in theory, because conflicts never die in
social-ecological systems, and resolving them may be theoretically impossible [8,53]. Since
conflicts are inherently discursive, they are never stable, and with time become temporarily
dormant, normalized, or evolve into disagreements between different narratives and
discourses. This was observed in the cases presented, wherein the discourses used by the
formal and informal actors changed abruptly after the shock events, so the conflict did
not die, but evolved into new narratives. In spite of their best interests, we contend that
the existing plans and policies have clear assumptions about future development; and by
not specifying the nature of redevelopment, the plans directly affect the informal system
through forced evictions and hence create the potential for local conflicts.

Second, as presented earlier, certain aspects of social conflicts may be productive
from a climate governance perspective. This was observed specifically in the Pandakudia
case, which highlighted how the conflict between the formal and informal actors resulted
in improved self-organization strategies developed by the slum residents to adapt to
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the various perceived risks from formal imaginaries. These coordination mechanisms
(for example between the Pandakudia community and the BMC officials) become the
backbone of the community in dealing with climate shocks, by helping coordinate better
local adaptation actions during the crisis, even though they are short-term and spontaneous.
When conflicts combine with shocks, they provide room for opening up of previously
hidden black boxing of notions about risk, reflections on existing institutions, new power
relations between actors (possibly through more formal and informal recognition of local
knowledge by the planning institutions, increased media attention, and help through
social entrepreneurship such as the NGO in the Pandakudia case), and the emergence of
new discursive directions in policies and tools. In this sense, conflicts and their complex
entanglements with shocks can hold important governance and planning lessons.

In practice, we contend that much planning and risk governance tend to focus on
either ending or resolving the conflict as an end goal. This is faulty due to the reasons
discussed above. We argue for plans, policies, and risk management approaches to be more
conflict-sensitive. We recommend that the focus thus should be on what happens when the
conflict is seemingly temporarily managed, especially its implications on the vulnerability
of the communities involved and reflecting on the long-term adaptation capacity through
policy and governance. Avoiding or partially acknowledging social conflicts in the formal
governance frameworks and tools is a futile exercise, especially when observed within
local informal settlement communities. In this context, we argue that prescriptive gover-
nance frameworks based on clear assumptions of a top-down and expert-driven modernist
approach as seen in Bhubaneswar have too many blind spots by failing to acknowledge
local complexity and conflict. They may rather benefit from being more reflexive about
their potential contribution towards an exacerbation of existing conflicts, the emergence of
new vulnerabilities, as well as undermining of existing locally scaled adaptation possibil-
ities. Based on document analysis of existing plans as well as interactions with the state
actors, we further advocate for the inclusion of conflict management approaches within
risk governance frameworks and risk reduction policies [121,122]. In the case of informal
settlements as those studied in this paper, the inclusion may be approached by being more
reflexive about the historically dominant narratives and imaginaries about informality in
formal plans; focusing on the inclusion of alternate discourses, stories, and local risk knowl-
edge; and striving towards stable institutional arrangements within informal settlements
to identify, assess, and reduce risk.

6. Conclusions

We set out to understand the effects of the combination of social conflict and shocks and
conflict on risk governance, in the context of informal settlements in Bhubaneswar. Based
on our study findings, we strongly argue that conflict is rather permanent and certainly
prevalent in social-ecological systems—even though conflicts may become dormant—and
thus cannot be ignored in climate risk governance. Shocks are crystallized events where
climate change manifests itself materially and socially within social-ecological systems.
At the same time, shocks make existing and past conflicts more visible in certain contexts,
while in others, they may blur conflicts. In the cases discussed earlier, on the one hand,
shocks exposed the conflicts emerging from the existing affordable housing initiatives-
related eviction attempts of the local state authorities, and on the other, the formal-informal
boundaries temporarily became blurred due to small-scaled local attempts at adaptation
and response that relied on local knowledge and support to absorb the effects of shocks.

This study demonstrated that slum redevelopment in Bhubaneswar as an adaptation
strategy and risk governance tool through its modernist tendency is accompanied by
the baggage of unwanted outcomes such as the patterns of exclusion by being blind
towards existing and anticipated conflicts, by focusing on particular risks while ignoring
others, and through the construction of new risks and opportunities and associating
them with particular spaces within the city. Although this may not be the norm across
all redevelopment projects, this observation is made based on the cases that result in
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conflict. In this context, an abrupt change in the form of forced evolutions and spontaneous
adaptation can be brought about through sudden experiences with shocks, which adds
uncertainty to risk governance.

We provided insights into the complex entanglements of conflict and shocks within
particular risk governance and urban development contexts. This is useful for social-
ecological systems and resilience theory in general, which tend to obscure the role of
local conflict. We argue for a reassessment of local narratives around risk and conflict
within the climate governance literature that tends to focus on conflict in the context of the
global climate crisis also see [3,73,123]. The analysis is immediately useful for southern
contexts marked by informality, slum clearance, and self-organization, all contributing to
risk exposure under climate change, but it has considerable implications for other parts
of the world where the planning system is based on hybrid combinations of modernism
and institutionalism. The Bhubaneswar cases reveal the myriad risks coming with risk
governance approaches in a modernist paradigm, i.e., relying on expert discourses, spe-
cialized and segmented governance domains constructing their own risks, blindness for
local knowledge, hostility towards informality, aversion to conflict, and linear relations
between risk perception, assessment, and management. Such a modernist paradigm of
risk governance can be recognized across the world and seems reinforced by the feeling of
urgency, sometimes panic, engendered by climate change.

Bhubaneswar shows us that blindness to conflict in the formal system can engender new
conflict during planning interventions and reduce resilience when responding to shocks. The
cases demonstrate that ignoring existing forms of self-organization, local knowledge, and
adaptive formal-informal relations can undermine resilience and increase risk. They reveal
that, as noted above, risks never exist in isolation from each other, and are never detached from
perspectives on the future. Comprehensive approaches to risk management, such as slum
evictions, can thus never be comprehensive if they focus on one type of risk (development
risks for example), and they will be blind to alternative strategies and opportunities while
creating new and invisible risks and most likely new and evolved conflicts.

Climate change adaptation discourse, and the associated risk governance ideas, in
many places, come with a risk of reviving and reinforcing modernist policy and planning
fantasies. This often leads to a renewed blindness for alternative interpretations of place, op-
portunity, and risk, and reinforced positions of power of bureaucratic, political, or economic
elites seeing the potential of the new climate risk discourses to pursue old goals [124,125].
This then can create or maintain social conflict, especially in places with a history of groups
having been excluded and marginalized in governance, where opportunities are scarce
and scarcity is a real problem [126]. In this sense, we recommend that future climate and
development plans/policies in Bhubaneswar and beyond need to be more conflict sensitive,
and not just be driven by resilience frameworks which in our interpretation borrow from
modernism, and tend to ignore local knowledge and local risks in informal settlements, a
dominant part of the urban landscape in many southern cities.

By acknowledging the existence and permanence of local conflicts in cities, climate
plans and policies can also focus on incorporating experiences around productive aspects of
combined shocks and conflict that may provide space for new forms of local collaboration
between formal and informal actors. This may help sustain these short-term collabora-
tions by not being limited to post-disaster recovery and spontaneous adaptations, but by
promoting sustained resilience in the long term. Furthermore, we also recommend that
formal plans and policies around climate risk take cues from the framework and results
presented in this study to become more reflexive in the future by asking critical questions
about why and how slum redevelopment has been accepted as a climate adaptation and
smart development strategy, as well as the risks associated with such decision making.

Resilience and adaptation in cities can be planned and unplanned, it can be the result
of routine responses in governance and by a group of individuals, and it can be the result
of intentional responses to change in planning and long-term strategy, when these activities
are not under the label of ‘resilience’. Nor does a contribution to de facto resilience need
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to be a type of response to a type of change that is also recognized in the community as
relevant for resilience. In fact, the response itself, planned or unplanned, might not be
closely connected to any easily recognizable feature of resilience, but only very indirectly
contribute to the resilience of the system [37]. This brings us to the basic idea, compatible
with General Systems Theory [127], that resilience cannot be a list of system features that can
be the end goal of planning and policies, but has to include a consideration of fit between
the system and environment. In our cases, the resilience of the informal settlements hinges
on internal features and on the relation with the rest of the city, while the resilience of the
city as a whole can be seen in a similar way, in relation to the state. Our cases strongly
indicated that the legacy of shock and conflict increased the opacity of the governance
system for itself, as well as the opacity of the environment for the governance system. If
we can consider governance as a basic feature of a resilient system, and a relation with its
environment whereby opacity is a problem for resilience, then the observed situation does
undermine resilience in the longer term.

We conclude the paper by making a final argument that it is more fruitful and realistic
to present the relations between risk perception, assessment, and management as non-
linear and as multiple and competing. We contend that risk governance has to be at the
foremost ‘governance’, that is, the deliberation and taking of collectively binding decisions
to address the risk (to mitigate, ignore, compensate, etc.) and this has to fit the overall
principles and direction for the development of the area adopted in the relevant governance
arena. Focusing on risk rather than opportunity is a decision that ought to be taken in
governance, as is the privileging of one type of risk over others, or of one relation between
risk factors over others. Not recognizing these principles is de facto de-politicizing not
only climate and risk governance but governance as such [128]. The relations between
risk perception, assessment, and management, moreover, will be affected by shock and
conflict, and vice versa [129]. A shock event potentially engenders shifts in risk perception
which are never entirely predictable; it can create conflict, while existing conflicts are very
likely to frame the perceptions of risk and opportunity by actors, as well as the perceived
options for risk management. In many southern cities, where there often exists a mistrust
between the formal and informal systems, the risk perception of slum dwellers is always
likely to be affected by the anticipation of conflict and make them suspicious of new
resilience initiatives [54,108]. Shock and conflict are thus inextricably linked to climate risk
governance, and a modernist delineation and isolation of such risk through plans, policies,
and actions from the rest of governance is bound to make the formal system blind to these
essential intricacies.
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Notes

The last Census in India was held in 2011.

2 Objects of governance in the EGT lens are produced through discourses and practices of thinking and action, though the processes
of reification (conceptual surfacing through discourses and action), solidification (internal differentiation and articulation of
elements within the system), and codification (creation of distinct system/environment boundaries).

3 Based on interviews, personal observation during field visit, as well as informal discussions with residents.

4 Sources: interviews with slum residents and key informants within BDA, media reports, and document analysis.

5 The Right to Information (RTT) Act, 2005 in India mandates timely response by state officials to citizen queries and requests
related to government information. The Act was brought to empower citizens and promote accountability and transparency in
the governance process at all levels (central, state, and urban/rural bodies). RTI activists use the RTI Act as an instrument to
legally challenge eviction attempts by state authorities.

6 Based on legal case documents shared by participants during interviews.

7 Source: interview with slum resident.

8 It is interesting to note that the slum residents here did not decide to pursue a legal stay order like the Shantipally residents; when
probed about it during the interviews, several residents leaders noted that such an approach “wouldn’t work in the long run”.

K Source: interviews with slum residents and leaders.

10 Source: interview with slum leader.
n In Pandakudia, the CSNR (Centre for the Sustainable use of Natural and Social Resources), a local NGO, has been instrumental in
providing livelihood support to the displaced residents.

References

1. Bulkeley, H.; Tuts, R. Understanding urban vulnerability, adaptation and resilience in the context of climate change. Local Environ.
2013, 18, 646—-662. [CrossRef]

2. Hillier, J. Performances and Performativities of Resilience. In Evolutionary Governance Theory; Beunen, R., Van Assche, K.,
Duineveld, M., Eds.; Springer: Cham, Switzerland, 2015.

3. Innis, PG.; van Assche, K. The interplay of riskscapes and objects in unplanned settlements in Monrovia. Geoforum 2022, 136,
1-10. [CrossRef]

4. Fraser, A. The missing politics of urban vulnerability: The state and the co-production of climate risk. Environ. Plan. A Econ. Space
2017, 49, 2835-2852. [CrossRef]

5. Selby, J.; Hoffmann, C. Beyond scarcity: Rethinking water, climate change and conflict in the Sudans. Glob. Environ. Chang. 2014,
29, 360-370. [CrossRef]

6.  Nursey-Bray, M. Towards socially just adaptive climate governance: The transformative potential of conflict. Local Environ. 2017,
22,156-171. [CrossRef]

7. Djanibekov, N.; Valentinov, V. Evolutionary Governance, Sustainability, and Systems Theory: The Case of Central Asia. In
Evolutionary Governance Theory; Beunen, R., Van Assche, K., Duineveld, M., Eds.; Springer: Cham, Switzerland, 2015; pp. 119-134.

8. Van Assche, K.; Gruezmacher, M.; Beunen, R. Shock and Conflict in Social-Ecological Systems: Implications for Environmental
Governance. Sustainability 2022, 14, 610. [CrossRef]

9.  Okpara, U.T,; Stringer, L.C.; Dougill, A.]. Perspectives on contextual vulnerability in discourses of climate conflict. Earth Syst.
Dyn. 2016, 7, 89-102. [CrossRef]

10. Hillier, ]. Agon’izing over Consensus: Why Habermasian ideals cannot be Real. Plan. Theory 2003, 2, 37-59. [CrossRef]

11.  Healey, P. Collaborative Planning: Shaping Places in Fragmented Societies; Palgrave Macmillan: New York, N, USA, 2006.

12.  Forester, J. Planning in the Face of Conflict: The Surprising Possibilities of Facilitative Leadership Planning in the Face of Conflict: The
Surprising Possibilities of Facilitative Leadership; University of California Press: Berkeley, CA, USA, 1988.

13. Innes, J.; Booher, D. Planning with Complexity: An Introduction to Collaborative Rationality for Public Policy; Routledge: London, UK,
2018.

14. Healey, P. Communicative Planning: Practices, Concepts and Rhetorics. In Planning Ideas that Matter: Livability, Territoriality,
Governance, and Reflective Practice; Sanyal, B., Vale, L.J., Rosan, C.D., Eds.; MIT Press: Cambridge, MA, USA, 2018.

15. Healey, P. Urban Complexity and Spatial Strategies: Towards a Relational Planning for Our Times; Routledge: London, UK, 2007.

16. Shatkin, G. Planning to Forget: Informal Settlements as * Forgotten Places " in Globalising Metro Manila. Urban Stud. 2004, 41,
2469-2484. [CrossRef]

17.  Mielke, K. Calculated Informality in Governing (Non) return: An Evolutionary Governance Perspective. Geopolitics 2022, 1-24.
[CrossRef]

18. Roy, A. Why India cannot plan its cities: Informality, insurgence and the idiom of urbanization. Plan. Theory 2009, 8, 76-87.
[CrossRef]

19. Van Assche, K.; Verschraegen, G.; Gruezmacher, M. Strategy for collectives and common goods: Coordinating strategy, long-term
perspectives and policy domains in governance. Futures 2021, 128, 102716. [CrossRef]

20. Gunder, M; Hillier, ]. Planning in Ten Words or Less: A Lacanian Entanglement with Spatial Planning; Routledge: London, UK, 2016.

71



Land 2023, 12, 198

21.

22.
23.

24.
25.
26.
27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

Hillier, ].; Gunder, M. Planning Fantasies? An Exploration of a Potential Lacanian Framework for Understanding Development
Assessment Planning. Plan. Theory 2003, 2, 225-248. [CrossRef]

Adger, W.N. Social and ecological resilience: Are they related? Prog. Hum. Geogr. 2000, 24, 347-364. [CrossRef]

Cote, M.; Nightingale, A J. Resilience thinking meets social theory: Situating social change in social-ecological systems (SES)
research. Prog. Hum. Geogr. 2012, 36, 475-489. [CrossRef]

Davidson, D.J. The applicability of the concept of resilience to social systems: Some sources of optimism and nagging doubts. Soc.
Nat. Resour. 2010, 23, 1135-1149. [CrossRef]

Folke, C. Resilience: The emergence of a perspective for social-ecological systems analyses. Glob. Environ. 2006, 16, 253-267.
[CrossRef]

Mehmood, A. Of resilient places: Planning for urban resilience. Eur. Plan. Stud. 2016, 24, 407-419. [CrossRef]

Scheffer, M.; Carpenter, S.; Foley, J.A.; Folke, C.; Walker, B. Catastrophic shifts in ecosystems. Nature 2001, 413, 591-596. [CrossRef]
Van Veelen, P.C. Adaptive Planning for Resilient Coastal Waterfronts Linking Flood Risk Reduction with Urban Development in Rotterdam
and New York City; A+BE | Architecture and the Built Environment: Delft, The Netherlands, 2016.

Walker, B.; Holling, C.S.; Carpenter, S.R.; Kinzig, A. Resilience, Adaptability, and Transformability in Social-ecological Systems.
Ecol. Soc. 2004, 9, 5. Available online: http://www.ecologyandsociety.org/vol9/iss2/art5/ (accessed on 21 November 2022).
[CrossRef]

Van Veelen, P.C.; Waterfront, B.; Jeuken, A. Planning resilient urban waterfronts using adaptive pathways. Proc. Inst. Civil
Eng.-Water Manag. 2015, 168, 49-56. [CrossRef]

Sharifi, A.; Yamagata, Y. Resilient urban planning: Major principles and criteria. Energy Procedia 2014, 61, 1491-1495. [CrossRef]
Tyler, S.; Moench, M. A framework for urban climate resilience. Clim. Dev. 2012, 4, 311-326. [CrossRef]

Walker, J.; Cooper, M. Genealogies of resilience: From systems ecology to the political economy of crisis adaptation. Secur.
Dialogue 2011, 42, 143-160. [CrossRef]

Van Assche, K.; Beunen, R.; Duineveld, M. Co-evolutionary Planning Theory Evolutionary Governance Theory and Its Relatives.
In The Routledge Handbook of Planning Theory; Gunder, M., Madanipour, A., Watson, V., Eds.; Routledge: London, UK, 2017;
pp. 221-233.

Beunen, R.; Van Assche, K.; Duineveld, M. Evolutionary Governance Theory; Springer: Cham, Switzerland, 2015. [CrossRef]

Duit, A.; Galaz, V. Governance and Complexity—Emerging Issues for Governance Theory. Governance 2008, 21, 311-335.
[CrossRef]

Duit, A.; Galaz, V.; Eckerberg, K.; Ebbesson, J. Governance, complexity, and resilience. Glob. Environ. Chang. 2010, 20, 363-368.
[CrossRef]

Berkes, F.; Colding, J.; Folke, C. (Eds.) Navigating Social-Ecological Systems: Building Resilience for Complexity and Change; Cambridge
University Press: Cambridge, UK, 2002.

Folke, C.; Carpenter, S.; Walker, B.; Scheffer, M.; Elmqvist, T.; Gunderson, L.; Holling, C.S. Regime Shifts, Resilience, and
Biodiversity in Ecosystem Management. Annu. Rev. Ecol. Evol. Syst. 2004, 35, 557-581. [CrossRef]

Alberti, M.; Marzluff, ]. M. Ecological resilience in urban ecosystems: Linking urban patterns to human and ecological functions.
Urban Ecosyst. 2004, 7, 241-265. [CrossRef]

Fischer-Kowalski, M.; Rotmans, J. Conceptualizing, Observing, and Influencing Social-Ecological Transitions. Ecol. Soc. 2009, 14,
3. Available online: http:/ /www.jstor.org/stable/26268328 (accessed on 21 November 2022). [CrossRef]

Scheffer, M.; Bascompte, J.; Brock, W.A.; Brovkin, V.; Carpenter, S.R.; Dakos, V.; Held, H.; van Nes, E.H.; Rietkerk, M.; Sugihara, G.
Early-warning signals for critical transitions. Nature 2009, 461, 53-59. [CrossRef]

Salehyan, I. From Climate Change to Conflict? No Consensus Yet. J. Peace Res. 2008, 45, 315-326. [CrossRef]

Hendrix, C.S.; Salehyan, I. Climate change, rainfall, and social conflict in Africa. J. Peace Res. 2012, 49, 35-50. [CrossRef]

Adger, N.; Kelly, PM. Social Vulnerability To Climate Change and the Architecture of Entitlements. Mitig. Adapt. Strateg. Glob.
Chang. 1999, 4, 253-266. [CrossRef]

Brancati, D. Political Aftershocks: The Impact of Earthquakes on Intrastate Conflict. J. Confl. Resolut. 2007, 51, 715-743. [CrossRef]
Hirons, M.; Beauchamp, E.; Whitfield, S.; Conway, D.; Asare, R.; Malhi, Y. Resilience to climate shocks in the tropics. Environ. Res.
Lett. 2020, 15, 100203. [CrossRef]

Gregory, N.; Ewers, RM.; Chung, A.Y.C.; Cator, L.J. Oil palm expansion increases the vectorial capacity of dengue vectors in
Malaysian Borneo. PLoS Negl. Trop. Dis. 2022, 16, e€0009525. [CrossRef] [PubMed]

Holden, S.T.; Westberg, N.B. Exploring technology use under climate risk and shocks through an experimental lens. African J.
Agric. Resour. Econ. 2016, 11, 47-62. [CrossRef]

Nkiaka, E.; Taylor, A.L.; Dougill, A.J.; Antwi-Agyei, P; Fournier, N.; Bosire, ENN.; Konte, O.; Lawal, K.A.; Mutai, B.;
Mwangi, E.; et al. Identifying user needs for weather and climate services to enhance resilience to climate shocks in sub-Saharan
Africa. Environ. Res. Lett. 2019, 14, 123003. [CrossRef]

Jordan, J.C. Climate shocks and adaptation strategies in coastal Bangladesh: Does microcredit have a part to play? Clim. Dev.
2021, 13, 454-466. [CrossRef]

Singh, C.; Basu, R. Moving in and out of vulnerability: Interrogating migration as an adaptation strategy along a rural-urban
continuum in India. Geogr. J. 2020, 186, 87-102. [CrossRef]

72



Land 2023, 12, 198

53.

54.

55.

56.

57.

58.
59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

V Bahadur, A. Policy Climates and Climate Policies: Analysing the Politics of Building Resilience to Climate Change. Ph.D. Thesis,
University of Sussex, Brighton, UK, 2014. Available online: https://opendocs.ids.ac.uk/opendocs/handle/20.500.12413 /4184
(accessed on 21 November 2022).

Chu, E. Urban Adaptations Observed: The Politics of Governing Climate Resilience in Indian Cities. Ph.D. Thesis, Massachusetts
Institute of Technology, Cambridge, MA, USA, 2015. Available online: http://hdl.handle.net/1721.1/99081 (accessed on
21 November 2022).

Bhardwaj, A.; Khosla, R. Superimposition: How Indian city bureaucracies are responding to climate change. Environ. Plan. E Nat.
Space 2020, 4, 1139-1170. [CrossRef]

Gruezmacher, M.; Van Assche, K. Crafting Strategies for Sustainable Local Development, A Community Guide. 2022.
Available online: https://www.inboekvorm.nl/a-68898449/alle-uitgaven/ crafting-strategies-for-sustainable-local-development-
a-community-guide/#description (accessed on 21 November 2022).

Van Assche, K.; Beunen, R.; Duineveld, M. Evolutionary Governance Theory: An Introduction; Springer Science & Business Media:
Berlin/Heidelberg, Germany, 2013.

Pierre, J.; Peters, B.G. Governance, Politics and the State; Bloomsbury Publishing: London, UK, 2020.

Burke, M.B.; Miguel, E.; Satyanath, S.; Dykema, J.A.; Lobell, D.B. Warming increases the risk of civil war in Africa. Proc. Natl.
Acad. Sci. USA 2009, 106, 20670-20674. [CrossRef] [PubMed]

Hsiang, S.M.; Meng, K.C.; Cane, M.A. Civil conflicts are associated with the global climate. Nature 2011, 476, 438—441. [CrossRef]
Zografos, C.; Goulden, M.C.; Kallis, G. Sources of human insecurity in the face of hydro-climatic change. Glob. Environ. Chang.
2014, 29, 327-336. [CrossRef]

Busby, ].W.; Cook, K.H.; Vizy, E.K.; Smith, T.G.; Bekalo, M. Identifying hot spots of security vulnerability associated with climate
change in Africa. Clim. Chang. 2014, 124, 717-731. [CrossRef]

Mach, K.J.; Adger, W.N.; Buhaug, H.; Burke, M.; Fearon, ].D.; Field, C.B.; Hendrix, C.S.; Kraan, C.M.; Maystadt, J.; O'Loughlin, J.; et al.
Directions for Research on Climate and Conflict. Earth’s Futur. 2020, 8, e2020EF001532. [CrossRef]

Theisen, O.M.; Gleditsch, N.P; Buhaug, H. Is climate change a driver of armed conflict? Clim. Chang. 2013, 117, 613-625.
[CrossRef]

Berkes, F. Evolution of co-management: Role of knowledge generation, bridging organizations and social learning. J. Environ.
Manag. 2009, 90, 1692-1702. [CrossRef] [PubMed]

Lebel, L.; Anderies, ].M.; Campbell, B.; Folke, C.; Hatfield-Dodds, S.; Hughes, T.P.; Wilson, J. Governance and the Capacity to
Manage Resilience in Regional Social-Ecological Systems. Ecol. Soc. 2006, 11, 19. Available online: http://www.jstor.org/stable/
26267807 (accessed on 21 November 2022). [CrossRef]

Tiller, R.; Brekken, T.; Bailey, ]. Norwegian aquaculture expansion and Integrated Coastal Zone Management (ICZM): Simmering
conflicts and competing claims. Mar. Policy 2012, 36, 1086-1095. [CrossRef]

Forsyth, T.; Schomerus, M. Climate Change and Conflict: A Systematic Evidence Review; International Development Department,
LSE: London, UK, 2013.

Selby, J. Positivist Climate Conflict Research: A Critique. Geopolitics 2014, 19, 829-856. [CrossRef]

Buhaug, H. Climate-conflict research: Some reflections on the way forward. WIREs Clim. Chang. 2015, 6, 269-275. [CrossRef]
Touza, J.; Lacambra, C.; Kiss, A.; Amboage, R.M.; Sierra, P.; Solan, M.; Godbold, J.A.; Spencer, T.; White, P.C.L. Coping and
Adaptation in Response to Environmental and Climatic Stressors in Caribbean Coastal Communities. Environ. Manag. 2021, 68,
505-521. [CrossRef] [PubMed]

Singh, C.; Madhavan, M.; Arvind, J.; Bazaz, A. Climate change adaptation in Indian cities: A review of existing actions and spaces
for triple wins. Urban Clim. 2021, 36, 100783. [CrossRef]

Teampau, P. Trouble in paradise: Competing discourses and complex governance in the Romanian danube delta. Mar. Policy
2020, 112, 103522. [CrossRef]

Roy, A.; Alsayyad, N. Urban Informality: Transnational Perspectives from the Middle East, Latin America, and South Asia; Lexington
Books: Lanham, MD, USA, 2004.

Chu, E.; Anguelovski, I.; Carmin, J.A. Inclusive approaches to urban climate adaptation planning and implementation in the
Global South. Clim. Policy 2015, 16, 372-392. [CrossRef]

Chu, E.; Michael, K. Recognition in urban climate justice: Marginality and exclusion of migrants in Indian cities. Environ. Urban.
2019, 31, 139-156. [CrossRef]

Pathak, M.; Mahadevia, D. Urban Informality and Planning: Challenges to Mainstreaming Resilience in Indian Cities. In
Resilience-Oriented Urban Planning; Yamagata, Y.A.S., Ed.; Springer: Cham, Switzerland, 2018.

Trundle, A. Resilient cities in a Sea of Islands: Informality and climate change in the South Pacific. Cities 2020, 97, 102496.
[CrossRef]

Lara-Hernandez, J.A.; Coulter, C.M.; Melis, A. Temporary appropriation and urban informality: Exploring the subtle distinction.
Cities 2020, 99, 102626. [CrossRef]

Hayoz, N. Cultures of Informality and Networks of Power in Post-Soviet Non-democracies. In Evolutionary Governance Theory;
Beunen, R., Van Assche, K., Duineveld, M., Eds.; Springer: Cham, Switzerland, 2015.

Van Assche, K; Beunen, R.; Duineveld, M. Formal/Informal Dialectics and the Self-Transformation of Spatial Planning Systems:
An Exploration. Adm. Soc. 2012, 46, 654-683. [CrossRef]

73



Land 2023, 12, 198

82.
83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.
103.
104.
105.

106.
107.
108.
109.

110.
111.

Watson, V. Conflicting rationalities: Implications for planning theory and ethics. Plan. Theory Pract. 2003, 4, 395-407. [CrossRef]
Sahu, A.; Bose, T.; Samal, D.R. Urban Flood Risk Assessment and Development of Urban Flood Resilient Spatial Plan for
Bhubaneswar. Environ. Urban ASIA 2021, 12, 269-291. [CrossRef]

Satpathy, S. Neoliberal Regime of Land Grabbing: A Study of Bhubaneswar. Nagarlok 2021, LIII Pt 1, 38-58.

Anand, G.; Deb, A. Planning “Violations”, and Urban Inclusion: A Study of Bhubaneswar; YUVA and Indian Institute of Human
Settlements: New Delhi, India, 2017. Available online: https://iihs.co.in/knowledge-gateway/wp-content/uploads/2017/11/
Bhubaneswar-Final.pdf (accessed on 21 November 2022).

Directorate of Census Operations, Odisha, Census of India 2011 - Odisha - Series 22 - Part XII A - District Census Handbook,
Khordha, 2011. Available online: https://censusindia.gov.in/nada/index.php/catalog/950 (accessed on 21 November 2022).
Government of Odisha, Odisha Climate Change Action Plan (2018-23). Cambridge University Press: Cambridge, UK, 2018.
Available online: https://climatechangecellodisha.org/pdf/State%20Action%20Plan%200n%20Climate%20Change%?202018-23.p
(accessed on 21 November 2022).

Bhubaneswar Development Authority. Annual Report-2021. 2021. Available online: https://cms.bhubaneswarone.in/
uploadDocuments/Directory/ Annual%20Report/Directory20211004_165703.pdf (accessed on 21 November 2022).

UN-World Habitat Awards, Odisha Liveable Habitat Mission. 2019. Available online: https://world-habitat.org/world-habitat-
awards/winners-and-finalists/ odisha-liveable-habitat-mission /#:~{}:text=The%20project%20%E2%80%93%20known %20as%
20the, for%20completion% (accessed on 21 November 2022).

IBI. Bhubaneswar Smart City Strategy and Implementation. 2015. Available online: https://www.ibigroup.com/wp-content/
uploads/2020/11/Bhubaneswar-Smart-City-Strategy-Implementation.pdf (accessed on 21 November 2022).

Government of Odisha, Odisha Climate Change Action Plan (2015-20). 2015. Available online: http://climatechangecellodisha.
org/pdf/Odisha_SAPCC_2016-2020.pdf (accessed on 21 November 2022).

UNDP. Hazard Risk and Vulnerability Analysis (HRVA) of the City of Bhubaneswar (Odisha); UNDP (United Nations Development Pro-
gramme: New Delhi, India, 2014. Available online: https://cms.bhubaneswarone.in/uploadDocuments/content/Bhubaneswar_
Final_Report.pdf (accessed on 21 November 2022).

World Bank. NLTA to Support Implementation of Orissa State Climate Change Action Plan Summary Report. 2017. Avail-
able online: https://documentsl.worldbank.org/curated /en/765331498601425141/ pdf/P147522-Output-NLTA-Odisha-State-
Climate-Change- Action-Plan.pdf (accessed on 21 November 2022).

Govt. of Odisha. Odisha Land Rights to Slum Dweller Act. 2017. Available online: https:/ /www.indiacode.nic.in/bitstream /12
3456789/5976/1/1652- Act%20no.10-2017.pdf (accessed on 21 November 2022).

Govt. of Odisha. Odisha Land Rights to Slum Dwellers (Amendment) Bill. 2021. Available online: https:/ /prsindia.org/files/
bills_acts/bills_states/odisha/2021/Odisha%20Land%20Rights%20t0%20Slum%20Dwellers%20Bill, %202021.pdf (accessed on
21 November 2022).

Mohapatra, M. Land Rights for Urban Slum Dwellers: A Review of the Odisha Land Rights to Slum Dwellers Act, 2017 and the
Jaga Mission, New Delhi. 2022. Available online: https:/ /cprindia.org/wp-content/uploads/2022/10/WP_LAND-RIGHTS-
FOR-URBAN-SLUM-DWELLERS_Mugdha.Mohapatra-1.pdf (accessed on 21 November 2022).

TNIE. Protest by slum dwellers stalls eviction drive in Bhubaneswar, New India Express. 2020. Available online:
https:/ /www.newindianexpress.com/cities/bhubaneswar/2020/feb /20 /protest-by-slum-dwellers-stalls-eviction-drive-
in-bhubaneswar-2105884.html (accessed on 21 November 2022).

Panwar, T.S. Slum Dwellers Hold Massive March Against Eviction Notice in Bhubaneswar, Newsclick. 2019. Available online:
https:/ /www.newsclick.in/Slum-Dwellers-Massive-March- Against-Eviction-Notice-Bhubaneswar (accessed on 21 November 2022).
Bhubaneswar Development Authority. Annual Report-2022. 2022. Available online: https://cms.bhubaneswarone.in/
uploadDocuments/Directory/ Annual%20Report/Directory20221018_151207.pdf (accessed on 21 November 2022).

Flyvbjerg, B. Five Misunderstandings about Case-Study Research. Qual. Ing. 2006, 12, 219-245. [CrossRef]

Ruddin, L.P. You Can Generalize Stupid! Social Scientists, Bent Flyvbjerg, and Case Study Methodology. Qual. Ing. 2006, 12,
797-812. [CrossRef]

Stake, R. The Art of Case Study Research; SAGE: New York, NY, USA, 1995.

Yin, R K. Case Study Research and Applications: Design and Methods, 5th ed.; SAGE: New York, NY, USA, 2009.

Maxwell, J.A. Qualitative Research Design: An Interactive Approach, 3rd ed.; SAGE Publications, Inc.: New York, NY, USA, 2013.
Roulston, K.; Choi, M. Qualitative Interviews. In The SAGE Handbook of Qualitative Data Collection; Flick, U., Ed.; SAGE
Publications: New York, NY, USA, 2018.

Kvale, S. Doing Interviews; SAGE: London, UK, 2011.

Guest, G.; Bunce, A.; Johnson, L. How Many Interviews Are Enough? Field Methods 2005, 18, 59-82. [CrossRef]

Parida, D. Fantasy visions, informal urbanization, and local conflict: An evolutionary perspective on smart city governance in
India. GeoJournal 2022, 87, 4707-4718. [CrossRef] [PubMed]

Parida, D. God Is In The Market: Is City Planning In India Getting Hijacked By Free-Market Overtures? Urban Voices. 2020.
Available online: https:/ /urbanvoices.in/city-planning-in-free-market/ (accessed on 21 November 2022).

Reale, A.; Handmer, J. Land tenure, disasters and vulnerability. Disasters 2011, 35, 160-182. [CrossRef]

Saguin, K.K.; Alvarez, M.K. “Danger Zones”, “Death Zones”, and Paradoxes of Infrastructural Space-Making in Manila. J. Urban
Technol. 2022, 29, 145-152. [CrossRef]

74



Land 2023, 12, 198

112.

113.

114.

115.
116.

117.
118.
119.
120.
121.
122.
123.
124.
125.
126.

127.
128.

129.

Alvarez, M.K,; Cardenas, K. Evicting Slums, ‘Building Back Better”: Resiliency Revanchism and Disaster Risk Management in
Manila. Int. J. Urban Reg. Res. 2019, 43, 227-249. [CrossRef]

Bhan, G. “This is no longer the city I once knew”. Evictions, the urban poor and the right to the city in millennial Delhi. Environ.
Urban. 2009, 21, 127-142. [CrossRef]

Scott, ].C. Seeing Like a State: How Certain Schemes to Improve the Human Condition Have Failed; Yale University Press: New Haven,
CT, USA; London, UK, 1998.

Allmendinger, P. Planning in Postmodern Times; Routledge: London, UK, 2000. [CrossRef]

van Voorst, R.; Hellman, J. One Risk Replaces Another: Floods, Evictions and Policies on Jakarta’s Riverbanks. Asian J. Soc. Sci.
2015, 43, 786-810. [CrossRef]

Miiller-Mahn, D.; Everts, . Riskscapes: The Spatial Dimension of Risk, How Geography Shapes the Emergence of Riskscapes; Miiller-Mahn,
D., Ed.; Routledge: London, UK, 2012; pp. 22-36.

Neisser, FM. ‘Riskscapes’ and risk management—Review and synthesis of an actor-network theory approach. Risk Manag. 2014,
16, 88-120. [CrossRef]

Rebotier, J. Vulnerability conditions and risk representations in Latin-America: Framing the territorializing urban risk. Glob.
Environ. Chang. 2012, 22, 391-398. [CrossRef]

Zeiderman, A. On Shaky Ground: The Making of Risk in Bogota. Environ. Plan. A Econ. Space 2012, 44, 1570-1588. [CrossRef]
Babcicky, P. A Conflict-Sensitive Approach to Climate Change Adaptation. Peace Rev. 2013, 25, 480-488. [CrossRef]
Nadiruzzaman, M.; Scheffran, J.; Shewly, H.].; Kley, S. Conflict-Sensitive Climate Change Adaptation: A Review. Sustainability
2022, 14, 8060. [CrossRef]

Boezeman, D.; Kooij, H.J. Heated Debates: The Transformation of Urban Warming into an Object of Governance in the Netherlands.
In Evolutionary Governance Theory; Beunen, R., Van Assche, K., Duineveld, M., Eds.; Springer: Cham, Switzerland, 2015.

Latour, B. Politics of Nature: How to Bring the Sciences into Democracy; Harvard University: Cambridge, MA, USA, 2004.

Aitken, M. Changing climate, changing democracy: A cautionary tale. Environ. Polit. 2012, 21, 211-229. [CrossRef]

Aklin, M.; Mildenberger, M. Prisoners of the Wrong Dilemma: Why Distributive Conflict, Not Collective Action, Characterizes
the Politics of Climate Change. Glob. Environ. Polit. 2020, 20, 4-27. [CrossRef]

von Bertalaffy, L. General System Theory: Foundations, Development, Applications; Braziller, G., Ed.; Braziller: New York, NY, USA, 1968.
Ferguson, J. The Anti-Politics Machine: “Development”, Depoliticization, and Bureaucratic Power in Lesotho; Univerity of Minnesota
Press: Minneapolis, MN, USA, 1994.

Legese, G.; Van Assche, K.; Stellmacher, T.; Tekleworld, H.; Kelboro, G. Land for food or power? Risk governance of dams and
family farms in Southwest Ethiopia. Land Use Policy 2018, 75, 50-59. [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.

75



i land MDPI|

Article
Living on the Edge—Mismatches and Expectations in a
Changing Landscape

Sofia Morgado

Centro de Investigacdo em Arquitetura, Urbanismo e Design, Faculdade de Arquitetura, Universidade de Lisboa,
1349-063 Lisboa, Portugal; smorgado@fa.ulisboa.pt

Abstract: This paper deals with the confrontation between the forms of urbanisation of Lisbon,
Portugal, that extends its fringes over the Alcantara Valley. This same Valley—topography and
hydrography—plays as determinants of the occupation that will assume distinct narratives. This
gradual process is explained through three narratives about (1) the urbanisation of the margin driven
by industrialisation and the construction of a stigmatised periphery, (2) the imposition of large
capacity infrastructures far beyond what is local, (3) the system of open spaces and landscape projects
and the urban brink that the valley claims. The debate focuses on the answers that the urban and
landscape project, necessarily going through urban planning and its practical and theoretical scopes,
i.e.,, Urbanism and urban planning thinking, especially in a broad present seeking to discuss both
sides of the coin: on the one hand, an urban rehabilitation with public space for all, on the other hand,
a qualified and central space that attracts real estate investment that may bring effects contrary to
those expected. The article seeks to contribute (1) to a broader perception of the superimposition
of processes that transformed the Alcantara Valley, (2) to a fuller dissemination of the urbanistic
experiences in the city of Lisbon since this city is still vastly underrepresented in the international
(primarily Anglo-Saxon) literature, (3) to deepen the debate between urban rehabilitation, urban
regeneration, consequences and opportunities practiced is still trying to cope with.

Keywords: urbanisation; landscape; urban rehabilitation; public open space system; Alcantara-Lisbon

1. Introduction

In the Alcantara Valley, the urbanisation process reveals the growing clash between a
striking topo-hydrographic occurrence and mid-19th century western borders of the City
of Lisbon and the urban development constrained by it but impelled by the industrial
upsurge associated with the substantial harbour infills most extensive quay of the city and
the railway belt.

Three narratives can be identified from the transformation processes. Albeit their
different beginnings in time, they persist entangled until the present:

e Industrialisation at the end of the 19th century with new landfills and industrial
perimeters, precarious urbanisation along the old Alcantara Stream, and further
housing needs.

e  In the first half of the 20th century, overlapping high-capacity road and rail infrastruc-
ture, such as the bridge link.

e  From the 1990s onwards, the need to restore urban continuity, the qualification of
public and open spaces, urban rehabilitation interventions, and the Alcantara Green
Corridor under the aegis of the Lisbon Green City 2020 award.

The Alcantara Valley shows the many facets of a residual city marked by each period’s
avant-garde urbanistic thinking. However, in this study, it was verified that, despite
remarkable development in the Lisbon urban planning and management field, there
is still some room for integration between these narratives and respective approaches.
This condition opens the debate proposed in this article, about the effectiveness—social,
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environmental, and economic—of urban rehabilitation and regeneration, in the present
context. The article unfolds in sections: 1. Introduction, 2. Materials and Methods, 3.
Results: Alcantara: three narratives, one story, 4. Discussion and Conclusions: Three
decades of urban planning and design, 1990-2020: Genealogy and insights.

The work is built from an urbanistic perspective, as framed in the romantic European
countries, such as France, Spain, Italy, and Portugal, which led the movement in the creation
of a new discipline called Urbanisme (FR) Urbanisttica (IT), Urbanismo (ES and PT), since the
late 19th century [1-3], addressing the conception and design of the industrial city. This
particular design and place-grounded perspective of the urban, as the result of distinct
landscapes and cultures [4,5], would only later be included in the policy and framework
European Union (EU) [6,7]. Recent perspectives in the public space design, especially in the
fringe areas, often adapted to linear parks, allowed to encompass, as well, references to the
landscape ecology [8] and the landscape urbanism perspective [9,10]. In its own character, the
main focus of the Alcantara Development Plan, having its stream, the need to interweave
urban fringes with the open space system and the infrastructures, might take the linear
park concept as a backbone.

This view encompasses the territorial transformative phenomena and their changing
processes, whatever their kind, in this case, a blend of marginal urbanisation and increasing
derelict areas and abandoned rural structures. It addresses the material adjustments that
continuously shape the fabrics.

A Valley as the Boundary of A City

Lisbon’s urbanisation is deeply marked by the opportunities offered by physiography,
geostrategic location, and long-time settlement. Time, place, and people shaped the city’s
facets, from vernacular to the most erudite and innovative today.

The stepped topography shapes the city, where valleys convey streams and main
roads to smaller rural and riverside settlements and the main centre—earlier in Castle
Hill and within the 14th-century walls. After the 1755 Earthquake, the urban design of a
modern downtown (Baixa) introduced the Enlightenment’s novelties, and the city grew
way off the former walls and fused with extramuros villages (see Figure 1).

Water and land constrained the urban development, casting natural territorial bound-
aries: to the Eastern Side, the Chelas’ system of Valleys, and to the west, the Alcantara
Valley, this study’s subject. The contrasts in these then outskirts would become more
emphatic, where incipient yet consistent industrial-led urbanisation encroached on former
rural estates and villages in the Valleys of Chelas and Alcantara. The profoundly trans-
formed waterfront along the Tagus Estuary offered a protected natural deep-water harbour
allowing the evolution of overseas capital. These conditions would impel a fundamental
waterfront axis, running the city from east to west.

By the mid-19th century, the city boundaries consisted of a ring road adapted to this
topography. Such valleys and urban-related areas would turn into critical industrial nodes.
They were strategically and geographically positioned to the waterfront and, later, with
direct links to a goods railway belt around the city.

Lisbon Historic Cartography allows us to observe at the first stance that those were the
boundaries of the city (see Figure 2a—d) and at a later one (see Figure 2e,f) that the Munici-
pality would incorporate the adjacent municipalities, notably, starting at Chelas towards
the Eastern side. Belém starts at the Alcantara Valley, towards the west. The annexation
of neighbouring municipalities (Belém and Olivais) enlarged the Lisbon municipality to
nearly the current boundaries, and a second ring road would wrap around.
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Figure 1. The Municipality of Lisbon, municipal and district boundaries, Urban Rehabilitation
Area, Development Plan for Alcantara. Sources: Own production adapted from CML open-source

databases (see Backmatter).

City gates on main roads to the city centre are now embedded within the fabric or
lost. Nevertheless, as soon as that threshold is crossed towards the inner side, the urban
character reveals itself through the late 19th-century/early 20th-century renewal in the

public space—pavements, public water-supply fountains, furniture, and trees, notably at
Praga da Armada and main Alcantara main street, along with the building typologies and

architectural elements, such as facades covered in pattern-tyles, iron-casted balconies and

mansard rooftops. (see Figure 2c—f; Figure 7d).
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Figure 2. Historical Cartography of Lisbon (excerpt superimposed by the active Urban Development
Plan (dashed line, dark red) for Alcantara. Sources: Own production over CML open-source databases
(see Backmatter) (a) Duarte Fava Lisbon Map—1807. (b) Lisbon Map—1855. (c) Filipe Folque
Lisbon Map—1855-56 (d) Francisco & Cesar Goullard Lisbon Map—1878. (e) Lisbon Map—1855
[superimposition in red with the Ressano Garcia Plans; Vieira da Silva collection]. (f) Silva Pinto
Lisbon Map—1904-11.

2. Materials and Methods

The study design results from a long-standing observational experience, strengthened
by urban design studios and amplified by primary sources (cartography, iconography, legal
documents), and follows a patchwork ethnographic methodology [4,5] and the narrative
theory approach [11-16], from a qualitative and cultural methodology [14,17-19] to the
evolution of the rural-urban fabrics, i.e., place and time. Lisbon is one of the oldest continu-
ously inhabited European cities. Besides becoming one of the best-known cultural tourist
destinations, it is also the only city, as far as we know, with its own historiographical line
called Olisipografia. From the 19th century onwards, a unique approach was developed,
with written, narrative, iconographic and cartographic documents drawn up by illustrious
figures who played essential roles in interventions in the city that have lasted until today.
The many documents gave rise to the Gabinete de Estudos Olisiponenses/Olisiponenses
Studies Office [20-23]. This work owes much to the 30 years of observation, reading, and
identification with the spirit of Olisipography, which is still little known.

Hence the usage of the materials usually involved in such research fields—historical
cartography, iconography (e.g., photographs, and others), and various documents (legisla-
tion, plans, and designs included in architectural and urban design), whose outcomes are
featured, mostly as follows:

1.  Literature Review (see all sections)

2. Desktop research at the Lisbon Municipal Archive (Arquivo Municipal de Lisboa), his-
torical cartography and iconography, notably photographs and correlated documents
linked with the site, since the late 19th century (see Section 3 Results).
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3.  Experimental methods by design in Urban Planning and Design Studios and Work-
shops 2019—Workshops: (1) 2009/10, Scientific and Teaching Responsibility, Urban
and Territorial Design Studio II, Master in Architecture specialising in Urbanism, with
the support of the Lisbon City Council, in the provision of material, technical moni-
toring Urban and Spatial Planning, in the provision of material, technical monitoring,
and development of the students” work. (2) 2013, Coordination and organisation,
From splinters to parks, 2nd [Urban + Landscape] design international workshop,
7-10 May, endorsed by the ISOCARP. Published [20]. (3) 2019, Coordination, Cidade
[n]a Margem//City on the Edge. Alcdntara: infrastructures, fabrics, landscapes, Futures
Workshop, with participants from masters” and doctoral programs in Urbanism at
the Lisbon School of Architecture. Joint organisation: Lisbon School of Architecture,
Universidade de Lisboa, and CIUL/Lisbon City Council with urban and landscape
design senior officers. 8-15 May, CIUL.

4. Observational methods through field trips and photographic documentation (August
2020, September-November 2021, March 2022) (see Section 3 Results).

5. Review of urban planning-related legislation in Portugal, INE-Statistics Portugal (see
Section 3 Results and Section 4 Discussion).

6.  Review of urban planning documents (policies, plans, and programmes), Urbanism
and public spaces design promoted by the Lisbon Council’s Urban Planning, Environ-
ment and Green Spaces, existing local plans, and projects for units at the local levels
of intervention and media (Newspapers and Documentaries) (see Section 3 Results,
and Section 4 Discussion).

3. Alcantara: Three Narratives, One Story

Etymologically, the word “Alcantara’ comes from Arabic and means “bridge" [21], a
bridge made of stone, thus, an important one. However, documents refer to a possible
prior existence in the Roman period, which aligns with the city’s archaeological findings
along the waterfront. Alcantara was the main entrance from a Royal area, the former Belém
Municipality, towards Intramuros. Even today, roads and other paths converge at that point,
once a marsh and lagoon. One must, nevertheless, acknowledge that the most common
way of displacement before the harbour infills was by cabotage from the pier to the pier,
which most waterfront buildings had. Even today, the district boundaries are consistent
with the Alcantara Valley morphology (see Figure 1).

3.1. Fringe Urbanisation in Former Rural Environs: The Birth of Stigma

In the Alcantara Valley, the urbanisation process reveals the growing clash between
a top-hydrographic occurrence that defined the western border of Lisbon, contained in
the first ring road, until the mid-19th century. With the arrival of industrialisation and
new port and railway technologies, it was on this riverside periphery that warehouses
were progressively installed to support the docks of Alcantara, reinforced by the arrival of
the Lisbon railway belt. This strategic point of the anchorage from the deep waters of the
Tagus Canal acquired a fundamental preponderance (1) in the context of the international
maritime routes also led by the Port of Lisbon, (2) in the connection to the national railway
line to Oporto and (3) in the transformation of the city.

Thus, we witnessed the progressive transformation, by successive embankments,
between the lagoon and mouth of the Ribeira (Stream) de Alcantara and the coastline
that acquired an industrial and Port character. This transformation occurs with the partial
urbanisation of the Royal Palace of Alcantara, gone, today Calvario, along the main street
of Alcantara, promoting the riverside urban axis towards Belém to the west (see Figure 2a—f,
see Section 3.3).

The locus of a mixture of proto-industrial installations, mainly associated with tex-
tiles and dyeing, powered by the force of the water and rustic occupations still related
to an agricultural lifestyle, unravels perpendicular to the coast and along the Ribeira
de Alcantara.

81



Land 2023, 12, 386

Along this axis, very precarious housing buildings were located, and families oc-
cupied natural caves as well, housing a population between industrial day labour and
subsistence farming. These incipient fabrics extended northwards in a multiplying process
(see Figure 2e,f). It is not surprising that the northern fringes of Alcantara have become
synonymous with poverty and that, over time, a social stigma has been attached to it that
still persists today [22].

3.2. The Sectoral Superimposition of Modern Features: From A City Boundary to A Robust
National-Level Centrality

It was then the time for “artificial creation’ [23] to plough the land and tunnel the
Alcantara Stream. In front of the former river mouth, specialised quays grew. High-capacity
infrastructures were progressively superimposed onto the Alcantara Valley decline - a water
underpass, viaduct for the first motorway linking Lisbon first to the National Stadium
complex (the 1940s) and later to Cascais (1990s), a bridge over the Tagus (1966), railway
ring (late 1800s) and later underneath the Bridge (1998) (see Figure 3a—f), more powerful
motorways interlinking metropolitan levels (Eixo Norte-Sul), and even a vital flight corridor
towards the Lisbon international airport up north.

Despite an apparent confusion, the transformation of Vale de Alcantara calls for
interventions of two fundamental types: as a channel space, prone to infrastructural
linearity, or as a hiatus, a limit or an obstacle to be overcome.

The first perspective, channel space, is revealed in the urbanisation and progressive
transformation and finally, the canalisation of the Alcantara river, along which road and rail
routes stretched and connected to the Alcantara docks, assuming a progressive protagonism
with the construction of the Bridge 25 de Abril. Later with its intensification with the
passenger rail connection (1998) and the subsequent insertion of the North-South axis at
the end of the 20th century, which would transform the north of this Valley into a junction
of supra-metropolitan reach [23].

However, the links to the Port allowed the Alcantara and Rocha Conde de Obidos
Docks, contiguous to the deepest water trench of the Tagus Estuary, to perform highly
contributing to the fundamental role Lisbon played in the international maritime routes.
At the same time, liaising between the Railway Station Alcantara-Terra (Alcantara-Land,
primarily for workers coming from the Sintra-Lisbon suburban line and working transposi-
tion of goods to the harbour from the railway belt) and the Railway Station Alcantara-Mar
(Alcantara-Sea, in the Cascais-Lisbon suburban line) (see Figures 3a—f and 4), maintained
the pedestrian access to workers and inhabitants.

As an obstacle from the outset, the Valley of Alcantara holds the character of urban
protection and containment of the urban on the first ring road, a natural moat defended a
city at a higher elevation, with secure access through the Alcidntara Bridge and Gate.

This obstacle was conquered by the monumental Aguas Livres Aqueduct, promoted
by King Joao the 5th in the 18th century [24,25]. However, the new water supply network
to the city of Lisbon, notably the Aqueduct, is said to be more scenic and an exercise
in architectural virtuosity than supplying enough water (‘Aqueduto das Aguas Livres,
Lisboa’, 2018).

These trims of the rustic and proto-industrial mixture would be, again, crossed by the
Duarte Pacheco viaduct that introduced the first motorways, in this case, the Cascais one,
in the context of the Costa do Sol Plan and together with the plantation of the Monsanto
Forest Park (late 1930s) [26]. From a perspective of the modern city expanding over the
rustic, Meyer-Heine, in his Plano Geral de Urbanizacao de Lisboa—PGUCL (Plano de
Meyer-Heine, 1967) [27], would consider this Valley an "obstacle to urban life" (author’s
translation, [28,29], i.e., to urban expansion. Launching broader territorial links at the
national level raised barriers to former urban continuities between settlements and brought
urban decline to the local population and urban fabric.
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Figure 3. Historical Photographs—courtesy of the Lisbon Municipal Archive. (a) Aguas
Livres Aqueduct and Rabicha bridge over the Alcantara Stream—Source: [Aqueduto das Aguas
Livres e ponte da Rabicha, sobre a Ribeira de Alcantara], [c.1912], Paulo Guedes, photographer,
PT/AMLSB/CMLSBAH/PCSP/004/PAG/000396; (b) Aguas Livres Aqueduct over Ceuta avenue—
Source: [Aqueduto das Aguas Livres sobre a avenida de Ceuta], [c. 1949], Horacio Novais,
PT/AMLSB/CMLSBAH/PCSP/004/HNV /000050. (c) Visit of the Lisbon City Council to the
opening works of the Avenida de Ceuta near the Santana de Cima viaduct -Source: Visita da
vereagao da Camara Municipal de Lisboa as obras de abertura da avenida de Ceuta junto ao
viaduto de Santana de Cima, 1949-01-22, Cdmara Municipal de Lisboa. Reparti¢ao dos Servicos
Culturais. Seccao de Propaganda e Turismo, PT/AMLSB/SPT/000007, (d) Construction work
for the 25th of April Bridge -Source: Obras para construgao da Ponte 25 de Abril, 1964, Casa
Fotografica Garcia Nunes, PT/AMLSB/CMLSBAH /PCSP/004/NUN/000651. (e) 25th of April
Bridge under construction -Source: Ponte 25 de Abril em construgao, 1964, Casa Fotografica Garcia
Nunes, PT/AMLSB/CMLSBAH /PCSP/004/NUN/000659. (f) Avenida Calouste Gulbenkian and
accesses to 25th of April Bridge and the Santana de Cima viaduct—Source: Avenida Calouste Gul-
benkian e acessos a Ponte 25 de Abril e o viaduto de Santana de Cima, 1967, Artur Inacio Bastos,
PT/AMLSB/CMLSBAH /PCSP/004/AIB/001664.
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Figure 4. Urban Green Spaces, Alcantara Green Corridor, and the active Urban Development
Plan (red) for Alcantara. Source: Own production adapted from CML open-source databases (see
Backmatter, 07/11/2021).

3.3. Public and Open Space System: Beyond Inequalities or Green Branding?

The Alcantara Valley was part of the Algés Reguengo, where, in the mid-17th century,
a Royal Palace and Estates (Paco de Alcantara) and related open space infrastructures
were settled [30]. Other noble houses would follow, leading to a certain degree of urban
development, even if extramuros. While the royal structures gave place to industrial
sites in what now is Quinta do Cabrinha Neighbourhood, this noble Estate would start
developing towards a proto-industrial system along the former Alcantara Stream, the
current Ceuta Avenue, with the development of the dying industry (Fabrica das Chitas)
and the Gunpowder Factory.
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These structures and correlated housing rows would expand until the late 19th cen-
tury [31]. Some places are still marked by toponymic and pre-existent shapes and buildings.
Tapada da Ajuda is a botanical park with pavilions, woods, and gardens, and was a critical
leisure place until the end of the monarchy (1908) [32]. Later, it would become the current
Agricultural School of the University of Lisbon, under the context of the 1st Republic,
since 1910.

Monsanto Forest Park would introduce a new level to the landscape value. The climate
and landscape in Lisbon are barely compatible with lavish greenery. Hence, Monsanto
hill was practically covered with bushes, devoid of forest traces [26] (see Figures 2 and 3).
The Forest Park, entirely created and planted, goes back to early 20th-century ideas then
integrated by de Groer’s garden city approach to Lisbon [27].

The Green Corridor in Alcantara aims, and to a certain extent manages, to create an
open space continuity designed for different users and distances, thus increasing active
and soft mobility modes (see Figures 4, 5 and 6a,b). Moreover, it works as a fundamental
green infrastructure providing vital support as part of an ecosystem service to the city.
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Figure 5. Green Corridors and Green Spaces, Green Spaces and Environment Department/Lisbon
City Council, and the active Urban Development Plan (red) for Alcantara. Sources: Own production
adapted from CML open-source databases (see Backmatter, 07/11/2021).
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In the northern section of the Valley, the Museum of Water reopened the 18th-century
Aqueduct as a public bridge (as it used to be until the mid-19th century) to cross the Valley
between Campolide and Serafina Neighbourhood by the Monsanto Forest Park on Sundays.
This decision was undertaken within the decisions embraced by Lisbon Green Capital 2020,
allowing, for the first time, the use of bicycles in close connection with the new bicycle lanes
promoted by the Alcantara Valley Green Corridor. The first pedestrian and bicycle bridge
were inaugurated in 2018 (during the workshop City on the Edge. Alcintara: infrastructures,
fabrics, landscapes), and it is becoming increasingly usual to see people use it daily.

Figure 6. Cont.
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Figure 6. Alcantara Valley, November 2021. Source: Sofia Morgado. (a) Alcantara Green Corridor

with the Tagus, towards the south, from the Aqueduct; (b) Alcantara Green Corridor and Campolide
Train Station, new works, towards the north, from the Aqueduct; (c) Alcantara XXI, (d) Alcantara
main street, former city gate through the Bridge, towards the city mid-19th century Intramuros.

On the night of 07 December 2022, heavy flooding, which has not been known for
more than 15 years in the northern Lisbon metropolitan area, resulted from an extreme
weather event of excessive rainfall. A few weeks before, an unusual phenomenon, a small
tornado, occurred in Valley. A week later, Lisbon, and Alcantara in particular, was hit by
extreme climatic and convective phenomena that had never been seen before.

Floods, however, with only one human loss, were extensive and will increase as a
climate change consequence, as noted by Filipe Duarte Santos [33]. Oddly enough, in the
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1940s, Vieira da Silva, an esteemed Engineer and Olisipographer, was already calling for
those risks regarding the reorientation and tunnelling of the Alcantara Streem to insert the
railway line onto it [34].

More than green branding [35], through the label of the Green European City 2020, the
Alcantara Green Corridor, along the Valley interconnected with the others within a green
network, is a fundamental green infrastructure in the approach to any city of the present,
especially in such conditions as flood risk, as Alcantara.

If qualified public spaces are also offered to the citizens, pre-existing urban fabrics
are preserved, and new ones are valued, even if some green and blue gentrification may
occur [36]

A green corridor over ruined; precarious rural nuclei; abandoned amidst a sky bleak
by viaducts and the roar of dusty pavement; where no one can walk yet between the sparse
housing ensembles along the heavy infrastructures.

Above all, the urban continuities promoted by the public space through a green
corridor or local interventions, such as the Program a Plaza for each neighbourhood [37], have
not yet proven their ability to overcome the aforementioned segmented reality.

4. Three Decades of Urban Planning and Design, 1990-2020: Genealogy and Insights

The practice of urban planning and design in Portugal has been progressively recog-
nised as being developed within the best parameters of maturity and innovation in inter-
national terms. The awards received directly (Lisbon Green European Capital 2020) or
indirectly (such as those related to tourist destinations), the technical publications, and the
presence in the most relevant networks of cities recognise what, sometimes, the scientific
literature still does not.

Each city, each place is unique and concentrates strata from various times that, in
cases like Alcantara, perhaps require a more comprehensive range of issues related to the
transformations of the territory. The morphogenesis of the Alcantara Valley reveals itself in
discontinuities of the landscape in its various shades (from rural to urban), administrative
and jurisdictional (municipal and national level, such as the Port of Lisbon and other large
capacity infrastructures) (cf Section 4.), but also unfulfilled expectations, and projects that
never made it.

PEDU/Urban Development Strategic Plan is a programming instrument that encom-
passes 3 Action Plans that support the investment priorities inscribed in the urban axis of
POR Lisboa 2020: Sustainable urban mobility (action) plan (PAMUS), Urban Regeneration
Action Plan (PARU), Integrated Action Plan for Disadvantaged Communities (PAICD ) [38].

In Lisbon, particularly in Alcantara, PEDU is translated into interventions led by
BIP/ZIP [39], a local participatory instrument that allows interventions within PAICD and
the total overlap of the Urban Rehabilitation Area with the PARU (see Figure 1.). Under the
remit of the national legal framework [40], the latter was defined as "systematic", allowing
the use of different urban planning and design tools.

The first version of the Alcantara Development Plan (PUA) mainly focused on provid-
ing social housing for those living in highly precarious conditions. The area of the PUA
was subdivided into Urban Detail Plans, addressing a high density of housing, except for
"Casal Ventoso", a notorious slum with origins in the late 19th century, as a consequence of
housing demand from the industrial areas along the Alcantara Stream [41]. It evolved in
the sense authors refer to "slum" as a place with which stigma becomes associated with the
people who live in those places [42,43]. The population would then be rehoused in Quinta
do Cabrinha, under the remit of the PER—Special Rehousing Plan (see Table 1.) [44,45].
One must refer to that the proposals by Leopoldo de Almeida were not taken fully to the
end [46—48], neither in the area nor any other of the city, leaving the PUA waiting for the
following proposal led by Manuel Fernandes de Sa based on three fundamental elements:
landscape, infrastructures, and re-establishment of pre-existing urban continuity, leading
to a revised perspective of the PUA [49-52].
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Table 1. Urban Planning and Design in Alcantara—a genealogy. Sources: own production Cf.

References inline.

Urban Detail Plan

Programs and Related

Master Plan for the Urban Development (PP); Urban Design, Strategies and
City (PDM) Plan (PU) Housing or Execution ACtiO%l Plans
Units (EU)
1992 PEL (Lisbon Strategic 1987-1994—Municipal
Plan) [47] Medium-Term Intervention
1994 PDM [27] Programme (PIMP) [28]
UOP (operational planning
unit) 18—Alcantara Valley
corresponding to an Urban
Development Plan (PUA -
Plano de urbanizagao de
Lisboa), subdivided into
several Urban Detail Plans
(PP), including the Casal
1995 Ventoso, aiming at housing
reconversion and green
protection area, including National Special
demolition of slum and Programme for Housing
rehousing at a new (PER) [45]
neighbourhood under the
remit of PER—Avenida de
Ceuta(under consideration by
the CML, Cf [41]
All by Leopoldo de Almeida
Quinta do Cabrinha
1998 Municipal Social
Housing Project, under
the remit of PER [31,41]
Alcantara XXI (revoked
2005 2008) [45,53]
2011
2012 PDM approval [54] PUA Alcantara [44] ERU—Strategy for the
EU Alcantara Urban Rehabilitation [49]
2015 PUA approval [55,56] Nascente—CUF
Hospital [46,57]
2016
2017
- PEDU/Urban
2020 PDM Alte_ratlon by EU Alcantara Development Strategic
adaptation [58] Poente—Allo [47] Plan [38]
2022 PUA Alcéantara Alteration by

adaptation [59,60]

Although socio-political, economic, and environmental disparities have increased,
the fundamental axes of the Plan, whose perimeter, scope, and programme have evolved,

remain and have come to be implemented.

The PUA—AIlcantara Urban Development Plan is inclusive of this variety, including
Urban Design Alcantara XXI (2005, revoked in 2008) [45] and also the specific possibility
of resorting to two primarily private-led Unidades de Execu¢ao/Execution Units (UE):
Alcantara Nascente/Eastern [46] and Alcantara Poente/Western [47] (See Figures 4, 7 and §;

See Table 1).
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(@)

Figure 7. Cont.
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(b)

Figure 7. Alcantara EU Nascente—CUF Hospital Source: Sofia Morgado. (a) View from the 4th floor
of CUF Hospital, November 2021; (b) view from the road junction, November 2022.

Figure 8. Cont.
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(b)

()

Figure 8. EU Poente—Allo, Source: Sofia Morgado. (a) The recently clean plot, seen from Rua da
Junqueira, August 2020 (b) Work in progress, new office buildings Allo, November 2022 (c) Allo and
CUF Hospital, the new urban facet towards Avenida 24 de Julho, November 2022.
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The Legal Regime of Urban Rehabilitation [40] establishes the various options each
Municipality can implement on its land according to their corresponding needs and strate-
gic guidelines. Given the diversity and complexity of the urban area, the Municipality of
Lisbon had already identified practically all its areas requiring Urban Rehabilitation in
the previous Strategic and Municipal Master Plan 1994 [47]. With the ratification of the
Municipal Master Plan in 2012 [48] and subsequent legal diplomas, the Urban Rehabilita-
tion area increased, and, as a strategic option, the Systematic Urban Rehabilitation Area
option was selected [49]. The option allows greater flexibility in the type of intervention,
allowing the existence of Execution Units, which are more punctual than the Detailed
Plans that are dependent on the municipal public structure and the legal framework of
the IGT—Territorial Management Instruments [50,51]. Even if abiding by the general
guidelines required for the places of intervention, the implementation of Execution Units
(EU) might provide a faster result, through private-public partnerships, with more robust
real-estate development (see Table 1).

The preliminary data of the Census 2021 to the civil parishes are in line with the
observation and the review of documents. In this case, it should be noted that the PUA
area covers a small percentage of the total area of four Parishes (Alcantara, Campo de
Ourique, Campolide, and Estrela), from which is subtracted a substantial area of the
green space associated, namely, with the Monsanto Forest Park (see Figures 1 and 4). The
data show us a population decrease accompanied by a slight increase in the number of
households, corresponding to a change in the family structure, which is becoming smaller.
It is noteworthy, especially in Alcantara, a slight decrease in residential dwellings and
yet a more substantive drop in the number of buildings, most likely corresponding to
the extensive demolition of industrial buildings and others, such as smaller residential
units (See Table 2). The real-estate promotion is also leaving its footprint, and the statistics
already demonstrate it, especially in the plots in Estrela.

Table 2. Population and Buildings Variation, Census 2011-2021. Lisbon Municipality and the
Districts partially affected by the PUA—AIlcantara Urban Development Plan. Source: Adapted
from INE/Statistics Portugal, INE/Statistics Portugal, Preliminary data, Census 2021, available at
https:/ /censos.ine.pt/, consulted 23 November 2021).

Population Variation Buildings Variation

Households 2011-2021  Dwellings 2011-2021

Municipality ! 2011-2021 2011-2021
% % % %
Lisboa —-14 -15 -2.1 —5.90
Civil Parishes 1 Y% %
Alcantara —0.80 1.3 —0.8 —-7.8
Campo de Ourique 0.20 —-14 -1.3 —6.70
Campolide —4.40 —-1.2 —-1.5 —8.30
Estrela 0.60 —4.3 —3.8 —1.80

1 Only the districts encompassing the Alcantara Urban Development Plan (PUA) Campo de Ourique and Cam-
polide are irrelevant in this respect, as the area that overlaps is primarily open space included or contiguous to the
Alcantara Green Corridor. NB: Concepts definitions, available at https://smi.ine.pt/, accessed on 24 November
2021, in Portuguese. NUTS Levels and national administrative units: LAU Level 1—Municipio = Municipality,
LAU level 2—Civil Parishes = Freguesia) [52].

In 201920, the Covid-19 pandemic settled, followed by lockdowns and effects yet
to be fully assessed. On 08 December 2021, after 150 years, on one of the most revered
holidays in the Portuguese catholic tradition, the Procession of Our Lady of Quietude
[Quietagdo] returned to the streets of Alcantara, organised by one of the old 19th-century
Royal Brotherhoods [61], housed by the Monastery and Church with origins in the 17th
century [62,63]. People were invited to decorate windows and balconies, a community’s
expression of Alcantara in the Public Space.
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Back to daily life in the city, we found them like other European cities, almost on
building sites. The Lisbon skyline is populated by cranes and hoists; current or more
singular buildings are daily reconditioned as elegant condominiums. Holes open up in
urban fronts over unexpected private terraces, giving way to a more compact and distinct
occupation—in population and uses.

The waterfront is under refurbishment, but it might also become resistant to regular
Lisboners. In a strip of land formerly hidden by ruined industrial storage and other facilities
abandoned several decades ago (see Figures 7 and 8), powerful and wealthy real estate
companies openly advertise the lifestyle the city’s upgrading, in dedication to the public
cause, now offers them: views of the Tagus, qualified public spaces, and an excellent public
transport network.

An almost identical proposal, in concept, was set in motion by the Lisbon Port Author-
ity (APL) in 1995, in parallel with visionary illustrations for a new compact city by Terry
Farrell. This approach was supported by a well-known worldwide change reconversion
and revitalisation of Port Areas, driven mainly by neoliberal choices (see Docklands, Lon-
don), which was the political frame then, aiming to increase roll-on roll-off actions. Thus the
usage of large container vehicles by land and the reductions of harbour works on the docks.
The Plan would become known by its acronym POZOR [64]. POZOR offered a first attempt
to integrate the interests of the Lisbon Port Authority, the Lisbon Municipality, and private
stakeholders. POZOR would be vigorously contested during public consultation even if
the Strategic Plan (March 1995) [64] presented an approach to a clear waterfront that would
offer over 14 km of waterfront public open space to all that did not exist then. According to
Sousa & Fernandes [65], the contestation would prevent POZOR from effective approval.

Despite the mediatic dispute that resurfaces from time to time, the containers parking
in the Alcantara Dock persists. Together with the harbour cranes, they have acquired
an industrial heritage personality associated with local imaginaries of the former indus-
trial neighbourhood. This will soon change under the Lisbon Port Authority” s remit
to rehabilitate its valued urban areas. Public spaces inhabited by cranes, co-working
spaces (e.g., LACs), and other light buildings will join the well-known recreational site for
restaurants in Doca de Santo [66,67]

Reconversion of the brick storage building would revitalise the waterfront by intro-
ducing leisure activities like restaurants and public space. The waterfront would become a
flagged area until these days. It is still worth mentioning the Expo’98, later the new central
area Parque das Nagoes in the Eastern end of Lisbon.

With the gradual change of jurisdiction from the Lisbon Port Authority to the Munici-
pality’s [68], this open space strip, now almost totally public, would become pinpointed by
exquisite architectural designed public museums and other amenities, like the MAAT. A
lively space for all, enjoyed by locals and of touristic interest with a growing number of
visitors. The containers’ park at the Alcantara dock persists up to these days.

Paradoxically, the containers” park in AlcAntara remains and can be matched, in size
and view-blocking by the common perception, by the massive buildings in the Eastern and
Western Execution Units [46,47]. That specific site results from the progressive infill of a
former lagoon and is under flood risk. Moreover, the area is included in the PUA perimeter
under the municipality management.

Altogether, the monofunctional urban areas, which are mostly housing or correlated,
aiming each at a single socio-economic group, do not seem to offer the land-use mix and
the inclusive social-economic blend an actual urban centrality should call for. From lower
to higher incomes, and also from the innermost noisy areas toward the waterfront and with
urban functional diversity: Quinta do Cabrinha (Social Housing), Alcantara XXI [16] (see
Figure 6c), and recently, the Eastern and Western Execution Units—CUF Tejo Hospital and
Allo-Alcantara Lisbon Offices [69] (see Figures 7 and 8, Table 1).

The current wall of wealthy housing benefits from that public space, and the view over
the Tagus is there. Employing urban regeneration that allows, in this case, demolishing to
build new. However, these privileged condominiums are for a few and not necessarily for
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permanent living. Commerce, amenities, and facilities on the same socio-economic level
will follow and interfere in the adjacent diverse urban areas [70-72].

Although much has been done so far, recent approaches aiming at sustainable urban
planning and implementing a network of environmental and landscape green corridors
motivate new reflections and the side effects of rehabilitation programmes that address the
"greater good". In this case, public space was also regarded as an opportunity to overcome
such inequalities in Lisbon.

Backmatter: Open-source databases are available at:

http:/ /lisboaaberta.cm-lisboa.pt/index.php /pt/dados/conjuntos-de-dados and https:
//dados.gov.pt/pt/datasets/, accessed on 14 November 2021.
CartografiaHistorica_DuarteFava_1807. Tags Cartografia Histérica, Duarte Fava, 1807,
Topografia, Topography, Historic Mapping, LimitesAdministrativos Summary Cartografia
histérica, série produzida por Duarte Fava em 1807. Historic mapping produced by Duarte
Fava in 1807. Credits CM LIsboa 2017 Use limitations Sem restri¢des de uso.
CartografiaHistorica_1855. Tags Cartografia Histérica, 1855, Topografia, Topography,
Historic Mapping, LimitesAdministrativos Summary Cartografia historica, série produzida
em 1855. Historic mapping produced in 1855. Description Cartografia historica, série
produzida em 1855. Historic mapping produced in 1855. Credits CM Lisboa 2017 Use
limitations Sem restri¢oes de uso.

CartografiaHistorica_FilipeFolque_1856_1858. Tags Cartografia Historica, Filipe Folque,
1856, 1858, Topografia, Topography, Historic Mapping, Limites Administrativos Summary
Cartografia historica, série produzida por Filipe Folque em 1856-1858. Historic mapping
produced by Filipe Folque in 1856-1858. Description Cartografia historica, série produzida
por Filipe Folque em 1856-1858. Historic mapping produced by Filipe Folque in 1856-1858.
Credits There are no credits for this item. Use limitations Sem restricoes de uso.
CartografiaHistorica_CamaraMunicipalLisboa_1871. Tags Cadmara Municipal de Lisboa,
Cartografia Historica, 1871, Topografia, Topography, Historic Mapping, LimitesAdministra-
tivos Summary Cartografia histérica, série produzida pela Camara Municipal de Lisboa em
1871. Historic mapping produced by Lisbon City Council in 1871. Description Cartografia
historica, série produzida pela Camara Municipal de Lisboa em 1871. Historic mapping
produced by Lisbon City Council in 1871. Credits CM Lisboa 2017 Use limitations Sem
restri¢des de uso

Cartografial878_FranciscoCesarGoullard, TagsTopografia, Topography, Cartografia Historica,
Historic Mapping, César Goullard, Francisco Goullard, 1878 Description Cartografia
histdrica, série produzida por César e Francisco Goullard em 1878. Historic mapping
produced by César and Francisco Goullard in 1878. Credits CM Lisboa 2017. Use limita-
tions Sem restri¢des de uso

CartografiaHistorica_SilvaPinto_1911 Tags Cartografia Historica, Silva Pinto, 1911, To-
pografia, Topography, Historic Mapping, LimitesAdministrativos. Description Cartografia
historica, série produzida por Silva Pinto em 1911. Historic mapping produced by Filipe
Folque in 1911. Credits CM Lisboa 2017 Use limitations Sem restri¢oes de uso

Ambiente_ DMEVAE. Tags Lisboa Aberta, Biodiversidade, SensingCampolide, Infraestru-
tura natural. Description Servi¢o de dados geografico com indicagao do arvoredo, ele-
mentos de dgua, corredor verde e hortas urbanas existentes na cidade de Lisboa. Map
service locating trees, fountains and kitchen gardens in Lisbon. Credits CM Lisboa 2021
Use limitations There are no access and use limitations for this item.

Geodados, Opendata, Planeamento, Planos, Planos de Pormenor, Planos de Urbanizagao,
Planning, Plan, Urban Plan, Detail Plan, PlaneamentoUrbano. Summary: Disponibilizar
a delimitagao relativa aos Planos de Pormenor e de Urbanizacao e respectiva informacao
alfanumérica referente ao seu estado de desenvolvimento. Description: Servigco de mapa
relativo a delimitacao dos Planos de Pormenor e de Urbanizagao da cidade de Lisboa. Map
service providing the limits of municipal urban and detail plans.Credits: CMLisboa 2021.
Use limitations: Cartografia nao homologada, nao podendo ser utilizada para fins legais.
Aplica-se a licenca Creative Commons CCZero (http://opendefinition.org/licenses/cc-
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zero/ accessed 14/11/2021). A reproducao da aplicagao € autorizada, devendo ser citados
os créditos do autor.

World Hillshade, available at:

https:/ /www.arcgis.com/home/item.html1?id=1b243539{4514b6ba35e7d995890db1d, ac-
cessed 14/11/2021. Credits Sources: Esri, Airbus DS, USGS, NGA, NASA, CGIAR, N
Robinson, NCEAS, NLS, OS, NMA, Geodatastyrelsen, Rijkswaterstaat, GSA, Geoland,
FEMA, Intermap and the GIS user community. Use limitation: there are no access and use
limitations for this item.
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Abstract: Promoting the coupled and coordinated development of China’s tourism industry and
urbanization is of great significance for its marginal and less developed regions. Taking a typical
marginal and less developed region, the mountainous border areas of Western Yunnan as the research
object, this study analyzed the spatial and temporal characteristics of the coupling coordination
degree of the tourism industry and urbanization, as well as their influencing factors, in this region
from 2010 to 2019 using the coupling coordination model, spatial gravity model, and panel Tobit
model. The study results show the following. (1) The development level of the tourism industry and
urbanization in the study region had significantly increased, but there was an obvious polarization
phenomenon in its spatial distribution. (2) The coupling coordination degree of the tourism industry
and urbanization showed a good development trend of steady growth, and the areas were ranked
according to the average annual growth rate as follows: West Yunnan > Southwest Yunnan >
Northwest Yunnan. (3) The regional differences in the coupling coordination degree had expanded,
reflecting an “agglomeration phenomenon” and “distance decay effect”, and the tourism industry
lagging (obstructed) subtype was dominant. (4) The industrial structure, transportation accessibility,
capital effect, consumption capacity, and talent support had significant positive effects on the coupling
coordination degree, but the role of openness to the outside world was not obvious. This study can
provide a useful reference for further studies on the marginal and less developed regions of China.

Keywords: tourism industry; urbanization; coupling coordination; panel Tobit model; the mountainous
border areas of western Yunnan

1. Introduction

Many countries around the world face the problem of uneven urbanization [1], espe-
cially developing countries [2]; these countries” uneven urbanization is mainly reflected in
the fact that the development of some of their less developed regions tends to be hampered
by various development difficulties [3]. Tourism is a less demanding economic sector
than other industries, but as a comprehensive industry, it can have a significant impact on
regional development [4-6]. Many studies have confirmed the positive effects of tourism
on the alleviation of regional imbalances [7-9], and its improvement of urbanization im-
balances is one of the industry’s most important aspects [10]. From a “core—periphery”
perspective of a country’s regional development levels, it can be seen that some of its less
developed regions are generally located in the interior periphery of the country [3,11] and
are characterized by a negative migration balance, low living standards, ageing popula-
tions, few employment opportunities, low levels of education, low regional investment [12],
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and difficulties in implementing the traditional urbanization model, which has disadvan-
tages, such as “adventurous urbanization”, “pseudo-urbanization”, “urban disease”, and
“urban-rural imbalance” [13]. In contrast, urbanization in the new era is people-oriented
and quality-oriented, and it aims to integrate urban and rural and green development [14].
In this era, tourism is seen as an effective way to promote economic and local development,
especially in marginal areas, such as mountainous regions [15,16]; therefore, using tourism
to promote urbanization [17] is one of the best options for the development of marginal
and less developed areas [18,19]. However, due to the particular realities of marginal and
less developed regions [20], the inherent relationship between tourism and urbanization in
these regions may exhibit different characteristics to other regions. It is important, therefore,
to examine the relationship between the tourism industry and urbanization, as well as to
identify the interactive evolutionary process of the two in order to guide the development
of marginal and less developed regions.

In 1991, Mullins first proposed the concept of “tourism urbanization”, which is a
kind of urbanization based on consumption that is different from traditional industrial
urbanization [21]; after this, the relationship between tourism and urbanization began to
attract academic attention, and the characteristics [22], driving mechanisms [23], types [24],
models [25], and impacts [26] of tourism urbanization have been richly discussed. The
relationship between tourism and urbanization can be summarized into three main types:
first, tourism promotes urbanization [27], accelerates the expansion of towns and cities
through tourism development [28], leads to population concentration [29], changes the
regional industrial structure [30], and becomes a new engine of urbanization [31]; second,
urbanization that promotes tourism development [32], urbanization based on the combined
effect of consumption and investment, and driving the expansion of the scale of the
tourism industry [33] will all promote increases in tourism output [34]; third, tourism and
urbanization are considered to have a two-way interaction [35], with tourism development
and urbanization being highly interactive and dependent [36]. Mass tourism has been
found to cause an increase in land consumption, driving urbanization, and urban expansion
has consolidated tourism development in subsequent phases [37]. However, in terms of
research methods, the relationship between the tourism industry and urbanization has
mostly been evaluated by using causality tests [38], regression analysis [39], coupling
coordination models [40], and other methods; there are few studies on the mechanism
construction, spatial-temporal evolution, and influencing factors of the interaction between
the two. In terms of research scales, studies have covered the national [41], regional [42],
provincial [43], and city [44] levels, but not enough attention has been paid to marginal,
less developed areas.

Some marginal and less developed regions in China are rich in tourism resources, but
they lag behind in their urbanization construction. Therefore, in the context of urbanization
construction, how to effectively articulate the relationship between the tourism industry
and urbanization and how to more effectively promote the synergistic development of
the two are of great significance for promoting the development of marginal and less
developed regions. In view of this, based on the analysis of the mechanism of coupling and
coordination between the tourism industry and urbanization, we selected a typical marginal
and underdeveloped region, the mountainous border areas of western Yunnan, as the
research object, and analyzed the coupling and coordination between the tourism industry
and urbanization in this region, as well as the spatial-temporal evolution characteristics
and influencing factors of the interaction between the two using the panel Tobit model. This
study mainly addressed the following questions. 1. What is the mechanism of the coupling
and coordination between the tourism industry and urbanization? 2. How large is the
tourism industry and the extent of urbanization in the mountainous border areas of western
Yunnan? 3. What is the spatial-temporal evolution of the degree of coupling coordination
between the tourism industry and urbanization? 4. What are the spatial combination and
evolution patterns of different types of coupling coordination? 5. Which factors affect the
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Stimulate the potential of tourism consumption. Strengthen the guarantee of tourism elements.
Drive the green development of tourism, Improve the service function of tourism
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coupling coordination degree? The study’s main conclusions and recommendations will be
of reference value for the development of marginal and less developed regions.

2. The Mechanism of Coupling and Coordination between the Tourism Industry
and Urbanization

Modern tourism development has begun to turn “people-oriented”, and urbanization
is also “people-oriented”, emphasizing the value of urbanization from perspectives ranging
from structuralism to humanism [45]. Thus, the common goal of humanism provides the
value basis for the coupling and coordination of the tourism industry and urbanization.
On the one hand, tourism, as an intrinsic driving force for industrial transformation, social
change, and economic growth, can effectively contribute to the restructuring of urban space,
the transformation of urban functions, and the improvement of urban quality [46]. On the
other hand, accelerating the construction of urbanization with people as its core can more
effectively release the promotion effect of urbanization on tourism economic development
and provide adequate support for tourism industry development [47]. Based on this, we
constructed an analysis framework of the coupling and coordination mechanism of the
tourism industry and urbanization, which is based on the main line of the interaction
between the two (see Figure 1).
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Figure 1. The coupling and coordination mechanism of tourism industry and urbanization.

2.1. Tourism as a Key Driving Force of Urbanization

The tourism industry as a driving force of urbanization is mainly manifested in
four aspects. (1) The tourism industry helps create employment opportunities and provides
“strong support” for urbanization. Compared with other industries, tourism employment
has a large capacity, low threshold, and is inclusive and flexible, along with other charac-
teristics, which are conducive to solving the problem of total employment expansion and
structural optimization in the process of urbanization. Tourism development leads to great
employment gaps, which help to promote the non-agricultural engagement of the rural mi-
grant labor force [48] and therefore the transfer of populations to urban areas. In particular,
tourism employment or entrepreneurship in underdeveloped areas is also conducive to
the local and nearby employment of farmers [49], reducing the “migratory bird” migration
problem that affects a large number of migrant workers under the urban-rural dual system
and providing strong support for population urbanization. (2) The tourism industry can
help drive economic growth [50] and provide a “gas pedal” for urbanization. The tourism
industry has the characteristics of strong comprehensiveness, high correlation, being a
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strong driving force, etc. Through the tourism industry’s agglomeration and integration, it
can directly or indirectly drive the economic growth of a given town. The tourism industry
agglomeration process promotes the convergence of urbanization factors, such as human
flow, logistics, capital flow, etc. Furthermore, it can accelerate the industrial structure adjust-
ment of a given town. Tourism industry integration refers to the “tourism +” or “+ tourism”
method of achieving the integration and interactive development of the tourism industry
and multiple industries, as well as of fully releasing the “multiplier effect” of tourism in the
construction of urbanization. (3) The tourism industry helps shape environmental space
and provides a “balancer” for urbanization. A new concept of tourism development, all-
for-one tourism emphasizes a transition from “point-line type” to a more open “plate type”
tourism space system focusing on scenic spots [51] to a certain extent, which can eliminate
the regional differences caused by non-homogeneous tourism resource backgrounds so as
to promote tourism-driven urbanization on a larger scale. At the same time, the “green”
attributes of the tourism industry are highly compatible with environmental protection
requirements in the construction of urbanization. Firstly, tourism development can ease the
environmental pressure brought by urban expansion. Secondly, participation in tourism
activities can subconsciously enhance the environmental awareness of tourists. (4) The
tourism industry helps balance urban and rural development and “make up for weakness”
of urbanization construction. With the rapid development of rural tourism, a large number
of tourism flows converge in the countryside, which can improve the income of local rural
residents, promote local infrastructure construction, and guide local development [52]. In
addition, the market supply of town tourism cannot be separated from rural support. Town
tourism consumption also affects the rural economic system through various transmission
mechanisms and dynamic effects. Therefore, as a bridge between town and rural synergistic
development, the tourism industry can effectively alleviate the dual structure difficulties
involved in the construction of urbanization.

2.2. Urbanization as Efficient Guarantee Support for Tourism Industry

The supporting role of urbanization for the tourism industry is mainly manifested
in four aspects. (1) With population urbanization as its core, urbanization can stimulate
tourism consumption potential. Urbanization not only focuses on increasing the pro-
portion of the non-farm population, but it also pays attention to the “citizenship” status
of the population after its convergence in cities and towns [53], which drives tourism
consumption in terms of quantity and quality. On the one hand, a large number of
people continue to integrate into cities and towns, and their emphasis on leisure and
relaxation has increased, leading to an increase in demand for tourism consumption. On
the other hand, the overall income level of the residents involved in the urbanization
process has increased, and the demand for tourism consumption has become more diver-
sified, thus accelerating the structural reform of the supply side of the tourism industry.
(2) Urbanization focuses on economic urbanization, which can strengthen the guarantee
of tourism elements. Industrial agglomeration is an essential carrier of urbanization, and
the factor agglomeration effect brought about by urbanization also guarantees industrial
agglomeration [54]. During urbanization construction, investment and financing channels
are expanded, which can provide more financial security for tourism development. Large
numbers of people being concentrated in cities and towns can also provide sufficient labor
sources for tourism. In terms of technological production factors, the internet, big data, and
other information technologies continue to promote the construction of urbanization, and
future technological empowerment will further promote the transformation and upgrading
of tourism. (3) Urbanization involves ecological urbanization, which can drive the green
development of tourism. Urbanization emphasizes the concept of an ecological civilization
and pays attention to environmental protection in urban construction [55]. Especially
under the guidance of the scientific development concept, ecological protection and re-
source conservation are essential. Future urban construction will restrict high-polluting
and high-consumption industries and support environmentally friendly modern industries,
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such as tourism. Furthermore, the mode of development adopted for urbanization should
be efficient and based on scientific evidence. It should reduce the unnecessary waste
of resources caused by inefficiency, significantly contributing to the improvement of the
tourism industry’s business environment and helping the industry to further exploit the
advantages of green development. (4) Urbanization is based on social development, which
can improve tourism service functions. The continuous improvement of infrastructure and
public services is an essential requirement in the development process of urbanization [56].
The construction of urban facilities, such as accommodation, entertainment, and shopping
facilities, guarantees the realization of the tourism elements’ functions, and the tourism
service functions that rely on urban construction also tend to be optimized, leading to, for
instance, more convenient tourism transportation services, increases in tourism information
levels, and the continuous improvement of tourism market governance, which is conducive
to the creation of more competitive tourism destinations.

3. Research Design
3.1. Research Area

The mountainous border areas of western Yunnan (Figure 2), China, are located in
the southern part of the Hengduan Mountains and the intermountain basin of southern
Yunnan. The region includes Baoshan, Lijiang, Pu’er, Lincang, Chuxiong Yi Autonomous
Prefecture, Honghe Hani and Yi Autonomous Prefecture, Xishuangbanna Dai Autonomous
Prefecture, Dali Bai Autonomous Prefecture, Dehong Dai Jingpo Autonomous Prefecture,
and Nujiang Lisu Autonomous Prefecture. Our main reasons for selecting the mountainous
border areas of western Yunnan as the study area were as follows. (1) Regional typicality.
The mountainous border areas of western Yunnan are not only the border areas of western
China, but are also contiguous poverty-stricken areas and ecologically fragile areas. They
are typical representatives of marginal and less developed regions. (2) Research importance.
In 2021, the urbanization rate of the mountainous border areas of western Yunnan was
only 47.29%, which was 3.76 percentage points lower than the urbanization rate of Yunnan
Province (51.05%) and 17.43 percentage points lower than the urbanization rate of China
as a whole (64.72%). The mountainous border areas of western Yunnan account for more
than half of Yunnan Province, and the urbanization development of this area is related
to the overall promotion of Yunnan’s urbanization construction. (3) Urgent need for
attention. The mountainous border areas of western Yunnan are rich in tourism resources
and have a sound foundation for the development of the industry in these areas. Therefore,
with relevant, favorable policy, the mountainous border areas of western Yunnan could
see significant tourism development. In order to realize these areas’ great-leap-forward
development, it is necessary to explore a path of the synergistic development of the tourism
industry and urbanization.

3.2. Construction of Index System and Data Sources
3.2.1. Comprehensive Evaluation Index System of Tourism Industry

Two evaluation methods are used to assess tourism industry development levels: the
single index evaluation method and the comprehensive index evaluation method. The
single index method primarily uses total tourism revenue or total tourist arrivals. However,
it cannot accurately measure the tourism industry’s development performance, and it
cannot easily be used to analyze the internal mechanism involved in the interaction between
tourism and urbanization. In this paper, based on the existing research, and following the
principles of the representativeness, independence, and accessibility of indicator selection,
nine secondary indicators were selected from four dimensions: economic benefits, market
scale, industrial scale, and development potential (see Table 1).
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Figure 2. Research area. Note: This map is based on the standard map of GS (2019)1822, downloaded
from the standard map service website of the Ministry of Natural Resources. The base map is not
modified, and the same applies below.

3.2.2. Comprehensive Evaluation Index System of Urbanization

The evaluation indexes of urbanization levels used in academia mainly involve
three dimensions: population, space, and economy. However, some scholars have ex-
panded these indexes to include social services, ecological environment, and lifestyle
dimensions [57-60], with these expanded indexes providing a more scientific understand-
ing of the connotations of urbanization. At present, there is scholarly consensus that China’s
urbanization road has shifted from “land urbanization” to “human urbanization” [61],
so it is necessary to establish development-oriented evaluation index systems. In this
paper, based on the analysis of the coupling coordination mechanism, and following the
principles of the representativeness, independence and accessibility of indicator selection,
20 secondary indicators were selected from four dimensions: population structure, eco-
nomic development, ecological environment, and public services (see Table 1).

3.2.3. Data Sources

This study examined the interval from 2010 to 2019, and its target region was the
mountainous border areas of western Yunnan, with a sample area of 10 cities in Yunnan
Province used, namely, Baoshan, Lijiang, Pu’er, Lincang, Chuxiong, Honghe, Xishuang-
banna, Dali, Dehong, and Nujiang. The original data were obtained from the Yunnan
Statistical Yearbook (2011-2020), the statistical yearbooks of the cities in the mountainous
border areas of western Yunnan, and statistical bulletins on socio-economic development
and official government websites, and the missing data of some indicators were processed
by linear simulation and collated by calculation.

3.3. Empirical Method

The use of quantitative methods to study the relationship between the tourism in-
dustry and urbanization can demonstrate the intrinsic link between them more intuitively.
Although qualitative methods can show that the tourism industry and urbanization in-
fluence each other, there are limitations in the in-depth analysis of the degree of their
mutual influence, the evolution of their relationship, and the influencing factors in their
relationship. Therefore, this study integrated the entropy method, linear weighting method,
coupling coordination model, space gravity model, and panel Tobit model to study the
relationship between the tourism industry and urbanization.
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Table 1. The comprehensive evaluation index system and weight of the tourism industry and
urbanization of the mountainous border areas of Western Yunnan.

Goal Layer Criterion Layer Indicator Layer Unit Index Attribute * Weights
Total tourism income Billion CNY + 0.155
Economic benefit
Tourism foreign exchange earnings Billion USD + 0.196
Domestic tourist arrivals Million people + 0.105
Market size
Overseas tourist arrivals Million people + 0.178
Tourism industry Number of travel agencies Ind + 0.161
Number of scenic spots Ind + 0.071
Industry scale
Number of employee‘s mAthe accommodation and Million people + 0.086
catering industry
The growth rate of domestic tourist arrivals % + 0.013
Development potential
The growth rate of overseas tourist arrivals % + 0.035
Proportion of urban population % + 0.026
Population structure
Population density People/square kilometer - 0.057
Number of industrial enterprises above designated size Ind + 0.066
Number of key service enterprises Ind + 0.047
Economic development Non-agricultural industry as a proportion of GDP % + 0.039
Disposable income of urban residents CNY + 0.037
Per capita GDP CNY + 0.046
Comprehensive index of air pollution mg/m3 - 0.037
Green coverage rate of built district % + 0.016
Urbanization Ecological environment Number of days when the air quality reaches and is better Per day + 0.016
than the second level
Treatment rate of domestic sewage % + 0.021
Per capita public green space area Square meters + 0.028
Postal traffic business volume as a proportion of GDP % + 0.049
Public libraries Ind + 0.073
Number of beds in health institutions Sheet + 0.070
Public services Passenger car ownership by city 10,000 trucks + 0.073
General public budget expenditure Billion CNY + 0.054
Extent of graded roads Kilometers + 0.052
Number of villages benefitting from tap water Ind + 0.081
Rural electricity consumption Billion kilowatt hours + 0.112

* Note: “+” represents a positive effect and “-“ represents a negative effect.

3.3.1. Index Pretreatment and Weight Solving

In order to eliminate the influence of the number and scale differences of the indicators
in the evaluation system of the tourism industry and urbanization on the calculation
results, it was necessary to standardize the indicators to reduce the interference of random
factors. Among them, the relevant indicators were divided into positive effect indicators
and negative effect indicators, with different treatment formulae being used for these
two types of indicators.

(xij - xijmin)

Positive indicator :Yj; = ( ]
Xijmax — Xijmin

M

(xijmax - xij)

Negative indicator :Yj; = ( )
Xijmax — Xijmin

@)

In the formulae, the following are defined: Y;; denotes the standardized value of the
jth indicator in year i; x;; denotes the original value of the jth indicator in year 7; Xjjmax
denotes the maximum value of indicator j; Xijmin denotes the minimum value of indicator
j;i=1,2,3,...,m denotes the number of years; and j = 1,2, 3, ..., n denotes the number
of indicators.

The indicator weights reflect the indicators’ relative importance and affect the evalua-
tion results’ reliability and accuracy. The entropy method, an objective assignment method,
was used in this paper, which determines the weights according to the magnitude of the
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variability of the indicators, thus avoiding the subjectivity of artificial assignment. The
relevant formula is shown in the literature of Xu (2019) [62], and the specific weighting
results for the indicators are shown in Table 1.

3.3.2. Comprehensive Evaluation Value of Tourism Industry and Urbanization

Based on the weights calculated by the entropy method combined with the data after
standardization of indicators, using the system index assessment model, the linear weight-
ing method was applied to calculate the subsystem evaluation values of the economic
benefits, market scale, industrial scale, and development potential of the tourism industry,
as well as the subsystem evaluation values of the population structure, economic develop-
ment, ecological environment, and public services of urbanization, in order to arrive at the
total evaluation value of the tourism industry and urbanization, which is calculated by the
following formula:

flax)=Y"wixx,8(y) =Y w; xy; €)
F(x) =Y [ Wi x f(x),G(y) = Y| W; x g() 4)

In the formulae, f(x) and g(y) denote the comprehensive evaluation value of the
tourism industry subsystem and urbanization subsystem, respectively; F(x) and G(y) de-
note the comprehensive evaluation value of the tourism industry system and urbanization
system, respectively; x; and y; denote the standardized values of the tourism industry eval-
uation index and urbanization evaluation index, respectively; w; and w; denote the weight
of the tourism industry evaluation index and urbanization evaluation index, respectively;
and W; and W; denote the weights of the tourism industry subsystem and urbanization
subsystem, respectively.

3.3.3. Coupling Coordination Model

The coupling coordination model is borrowed from the capacity coupling coefficient
model in physics to measure the coupling process for two or more systems that interact and
influence each other, and its function is to calculate the degrees of coupling and coupling
coordination between systems. The coupling degree refers to a given system’s strength
or the degree to which the system’s internal elements act on each other. In contrast, the
coupling coordination degree refers to the extent to which this coupling is good or bad. We
drew on existing research [63] to construct a coupling coordination model for analyzing
the characteristics of the coupling coordination relationship between the tourism industry
and urbanization in the mountainous border areas of western Yunnan. The formulae are
as follows: :

2
CIZX[ F(x) x Gly) )
(F(x) + G(v))
D=+vCxT,T=u«aF(x)+ BG(y) (6)

In the formula, C is the coupling degree and D is the coupling coordination degree;
F(x) is the comprehensive evaluation level of the tourism industry and G(y) is the compre-
hensive evaluation level of urbanization; T denotes the coupling coordination development
level index; « and B denote the specific weights of the tourism industry system and ur-
banization system, respectively, and mainly measure the importance of each system. As
we believed that both systems were very rich in connotations, and as the contributions
of the two systems were not distinguished from each other, we took « = = 0.5 here;
the values of C and D were in the range of [0, 1]. In order to make a further objective
evaluation of the coupling and coordination level of the two systems, we drew on the
existing research results [64,65]. We divided the coupling degree type (Table 2) and the
coupling coordination degree type (Table 3) into intervals.
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Table 2. The classification of coupling degree.

Coupling Degree Value Coupling Level Characteristic
00<C<03 Severe uncoupling Poor interconnectivity
03<C<05 Slight uncoupling Increased interconnectedness with simultaneous inhibition
05<C<038 Primary coupling System enters benign coupling
08<C<1.0 Advanced coupling Good resonance, jointly promote development

Table 3. The classification of coupling coordination degree.

Type Numerical Value Subtype Numerical Value Coupling Coordinator Subtype
Good coordination—Tourism industry
Gly)-Fx)>01 lagging behind
08<D<1.0 Good coordination Good coordination—Urbanization

F(x)—G(y) > 0.1

lagging behind

0< IG(y)—F(x)| <0.1

Good coordination

Coordinated development

Moderate coordination—Tourism

G(y)~F(x)>01 industry lagging behind
0.6<D <08 Moderate coordination F()—G(y) > 0.1 Moderate coordination—Urbanization
y ’ lagging behind
0< IG(y)-F(x)I <0.1 Moderate coordination
Minimal coordination—Tourism
Gly)—F()>01 industry lagging behind
Transformational development 04<D <06 Minimal coordination F()—G(y) > 0.1 Minimal coordination—Urbanization
y . lagging behind
0< IG(y)-F(x)I <0.1 Minimal coordination
Close to imbalance—Tourism industry
Gly)=Fb0>0.1 lagging behind
02<D <04 Close to imbalance Close to imbalance—Urbanization
F9—=Gly) > 0.1 lagging behind
| - | <0. i
Uncoordinated development 0<1Gly-FI <01 Close to imbalance
Severe imbalance—Tourism industry
Gy)—F(9>01 lagging behind
0.0<D <02 Severe imbalance Severe imbalance—Urbanization

F(x)—G(y) > 0.1

lagging behind

0< IG(y)—F(x)| <0.1

Severe imbalance

3.3.4. Space Gravity Model

The space gravity model is widely used to analyze spatial linkages. It is a model for

measuring the strength of spatial interactions between two regions based on the distance
decay principle. To further characterize the spatial linkage pattern of the coupling coor-
dination degree of the tourism industry and urbanization among the cities in the study
region, drawing on existing studies [66], we constructed a spatial gravitational model as
follows:
Di X D]‘
Rz’j =K x T (7)
g

In Equation (7), R;; indicates the spatial linkage strength of the coupling coordination
degree between two cities, i and j; D; and D; indicate the coupling coordination degree
D value of city i and j, respectively; d;; indicates the geographical distance between the
two cities; b is the distance-decay parameter, which took the value of 2 in this paper; and K

is the gravitational parameter, which took the value of 1 in this paper.

3.3.5. Panel Tobit Model

The Tobit model, also known as the sample model, as well as the restricted dependent
variable model, were first proposed by Tobin in 1958 and are models in which the dependent
variable takes on values that are continuous but subject to certain restrictions. In this study,
considering that the measured coupling coordination degree of the tourism industry and
urbanization had a value range of [0, 1] and belonged to the imputed data, the regression
analysis of the restricted dependent variables, which used the panel Tobit model, was able
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to effectively avoid estimation bias and improve the regression accuracy [67]. The basic
form of the panel Tobit model is:

vi = Blxi +ui + e
L Yip iy > 0 ®)
it 0,y; <0

In Equation (8), the following variables are defined. v}, is the vector of potential
dependent variables; BT is the vector of parameters to be estimated; x;; is the vector of
independent variables; y;; is the vector of observed dependent variables; the perturbation
term ¢ ~ N (O, 062), u; is the individual effect; i denotes the city; and ¢ denotes the time.

4. Results
4.1. Spatial and Temporal Evolution of Tourism Industry and urbanization Levels

The above methods were used to measure the tourism industry and urbanization
levels in 10 cities in the mountainous border areas of western Yunnan from 2010 to 2019,
and their means, standard deviations, and coefficients of variation were calculated (Table 4)
in order to measure the overall levels and their regional differences. In addition, the
geometric interval method and the natural interruption point grading method were used to
grade the tourism industry and urbanization levels in two-time sections in 2010 and 2019
(Figures 3 and 4) in order to explore the evolution of their spatial patterns.

Table 4. The related statistics of tourism industry and urbanization levels in the mountainous border
areas of western Yunnan.

Year Tourism Industry Urbanization

Mean SD cv Mean SD cv
2010 0.117 0.150 1.282 0.300 0.306 1.020
2019 0.451 0.251 0.556 0.530 0.537 1.014

2.2010

b.2019

Zhaotong Zhaotong

Wenshan

Honghe

VAVAS

Non-study arca

B Lower development level
Low development level

- Medium development level

B tigh development level

Xhhuangpnnni.

Figure 3. The spatial distribution of tourism industry development levels in the mountainous border
areas of western Yunnan.
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Figure 4. The spatial distribution of urbanization levels in the mountainous border areas of western Yunnan.

4.1.1. Spatial and Temporal Evolution of Tourism Industry Level

The mean values of the tourism industry level in the mountainous border areas of
western Yunnan in 2010 and 2019 were 0.117 and 0.451, respectively, with an overall
improvement of nearly three times and an average annual growth rate of 16.2% recorded,
which reflect the rapid development of the tourism industry in this region. The standard
deviations of the tourism industry level in the mountainous border areas of western Yunnan
in 2010 and 2019 were 0.150 and 0.251, respectively, with coefficients of variation of 1.282
and 0.556 obtained, respectively. The absolute gap aspect expanded by nearly 68%, and the
relative gap aspect narrowed by nearly 1.3 times. In the study period, as local governments
increased their support for tourism development, the overall level of the tourism industry
in the study region improved significantly. However, due to the differences in the tourism
resource endowment, location conditions and economic foundations of each city, the
development base and growth rate of the tourism industry were inconsistent, and the
gap in the total scale of the regional tourism industry widened. From Figure 3, it can be
seen that: (1) in 2010, there were fewer areas with high tourism development levels, with
Lijiang standing out as the leading city with regards to its development of its regional
tourism industry. Five of the remaining nine cities were in the low development level
stage, of which Nujiang was the most backward region in terms of its tourism industry
development level. From an overall perspective, the level of the tourism industry in the
entire study region formed a spatial pattern characterized by “prominent poles and low
value concentration”. (2) In 2019, the number of regions with high tourism industry levels
increased to two. Dali City achieved a leap from a “medium level” to a “high level”, while
Honghe and Xishuangbanna achieved a leap from a “low level” to a “medium level”.
Although the tourism industry development level of each city had improved, more than
half of the areas still had low development levels. At the same time, there was a difference
of as much as 15 times between the city with the lowest value, Nujiang, and that with the
highest value, Lijiang, and the inherent polarization phenomenon remained prominent.
From an overall perspective, the tourism industry level in the entire study region formed
a spatial pattern characterized by “high values adjacent to each other, medium values
scattered, and low values contiguous”.

4.1.2. Spatial and Temporal Evolution of Urbanization Level

The mean values of the urbanization level in the mountainous border areas of western
Yunnan in 2010 and 2019 were 0.300 and 0.530, respectively, with an overall increase of
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nearly two times and an average annual growth rate of 6.54% recorded; the process of
urbanization was found to have steadily advanced during the study period. The standard
deviations of the urbanization level in the study region in 2010 and 2019 were 0.306 and
0.537, respectively, and the coefficients of variation were 1.020 and 1.014, respectively.
The absolute gap aspect expanded by nearly 76%, and the relative gap aspect narrowed
by nearly 1%. This indicates that, in the study period, with the continuous promotion of
urbanization in the mountainous border areas of western Yunnan, the absolute difference
in the urbanization level among the cities was increasing, while the relative difference was
shrinking too slowly, making the spatial polarization of urbanization in the region expand and
slowing the overall development of the region towards being balanced. From Figure 4, we
can see that: (1) in 2010, Honghe was the only region with a high level of urbanization, while
three of the remaining nine cities had low levels of development, among which Nujiang, due
to its geographical location and resource conditions, had an urbanization level of only 17.67%.
On the whole, the urbanization level in the entire study region formed a spatial pattern
characterized by a “decreasing step from east to west”. (2) In 2019, the number of areas with
high levels of urbanization increased to two, with Honghe still in the leading position, and
Dali, through relying on the synergistic effect of secondary and tertiary industries, achieving
a shift in its urbanization level from a “medium” to a “high” level. Dehong, Baoshan, and
Xishuangbanna also achieved a “step” in their urbanization levels, while Nujiang was still
at a low urbanization level and was growing more slowly than the other cities. From an
overall perspective, the urbanization level in the entire study region formed a spatial pattern
characterized by “two prominent poles and fragmented distribution”.

4.2. Spatial and Temporal Evolution of the Coupling Coordination Degree of Tourism Industry
and Urbanization

4.2.1. Temporal Evolution of Coupling Coordination Degree

From Figure 5, it can be seen that the overall tourism industry and urbanization
coupling coordination degree in the study region was not high, being between 0.4 and
0.7 during the study period, meaning it was mostly in the primary coordination stage; it
therefore still has plenty of room for improvement in the future. From the viewpoint of
temporal changes, the coupling coordination degree of the tourism industry and urban-
ization during the study period showed a good trend of steady growth, and the overall
coordination level continued to improve, rising from the primary coordination level (0.405)
in 2010 to the intermediate coordination level (0.671) in 2019, with a 65.68% increase in
the coupling coordination degree and an average annual growth rate of 5.77% recorded.
Alongside the development of the tourism industry and urbanization levels in the study
region, the coupling coordination effect of the two tended to be continuously optimized.
The level of coupling coordination can be divided into two stages. (1) Firstly, 2010-2016
was characterized by the primary coordination stage, and the coupling coordination de-
gree during this period was low. The reason for this was that the tourism industry and
urbanization levels in the study region were not high at this stage, and the interaction
between the two was not deeply understood. In addition, the construction of both the
tourism industry and urbanization mostly focuses on the pursuit of scale expansion, which
is inclined to the rough development mode. (2) Secondly, 20172019 was characterized by
the intermediate coordination stage, and the degree of coupling and coordination during
this period was significantly improved. The reasons for this were mainly the accelerated
pace of the construction of a strong tourism industry and urbanization in Yunnan after 2017,
the fact that the industrial advantages of the mountainous border areas of western Yunnan
as a well known domestic tourist destination began to be highlighted, the construction of
the western Yunnan town cluster, which led to a significant improvement in the quality
of local urbanization, and the mode of the tourism industry and urbanization integration,
which became an important driving force for local economic and social development.
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Figure 5. The change trend of coupling coordination degree of tourism industry and urbanization.

At the regional level, the coupling coordination degree of the tourism industry and
urbanization in the three major regions of the mountainous border areas of western Yunnan
increased during the study period !, but the internal development level was not balanced.
This manifested itself as follows. (1) Regarding the means of the coupling coordination
degree, the following ranking was obtained: southwest Yunnan (0.564) > northwest Yunnan
(0.547) > west Yunnan (0.473), all of which belonged to the minimal coordination level, with
there still being plenty of room for future increases in these values. Among the cities, Dali
City had the highest mean value of the coupling coordination between its tourism industry
and urbanization (0.721), reaching a moderate coordination level, which was due to the fact
that Dali City, as one of the first national pilot areas for urbanization, has gradually explored
the development path of integration and interaction between its tourism industry and its
construction of central cities and characteristic towns. The mean value of the coupling
coordination between the tourism industry and urbanization in Nujiang (0.282) was the
lowest, being the close to imbalance level, because the development levels of both the
tourism industry and urbanization in Nujiang were relatively low, and the benign interac-
tion mechanism between the two systems had not yet been established. (2) In terms of the
average annual growth rate of the coupling coordination in the study period, the following
ranking was obtained: West Yunnan (7.00%) > Southwest Yunnan (5.95%) > Northwest
Yunnan (4.87%). At the same time, the level of the coupling coordination between the
tourism industry and urbanization in western Yunnan experienced three stages: close
to imbalance (2010-2012); minimal coordination (2013-2018); and moderate coordination
(2019). Further, the potential for the interactive development of the tourism industry and ur-
banization in the region began to be realized due to the role of post-emergence advantages.
The level of the coupling coordination between the tourism industry and urbanization in
Southwest Yunnan and Northwest Yunnan underwent an evolutionary course of minimal
coordination (2010-2016) to moderate coordination (2017-2019) as Dali, Lijiang, Xishuang-
banna, and other cities ushered in a period of transformation and upgrading, each focusing
more on the quality of their tourism industry and urbanization. Therefore, the growth
rate of the coupling coordination level of the tourism industry and urbanization slightly
slowed down.
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4.2.2. Spatial Evolution of Coupling Coordination

According to the type division shown in Table 3, ArcGIS10.5 software was used
to visualize and analyze the coupling coordination degree of the tourism industry and
urbanization in the mountainous border areas of western Yunnan. Further, the spatial
evolution pattern of the coupling coordination degree from 2010 to 2019 was obtained
(see Figure 6). From Figure 6, it can be seen that the coupling coordination degree of the
tourism industry and urbanization in the study region had an obvious spatial divergence
pattern and a trend of gradual expansion. In 2010, the overall level of the coupling
coordination degree was low, and the cities having the minimal coordination level were
mainly located in the east, while the cities having the close to imbalance level were mainly
located in the west, with this amounting to not only a certain agglomeration phenomenon,
but also a decreasing gradient pattern from east to west. At this stage, half of the cities
were at the close to imbalance and minimal coordination levels, which was mainly due
to the low levels of both the tourism industry and urbanization in these areas, as well as
to the fact that they had not yet formed a good interactive development pattern. In 2019,
the coupling coordination degree in the mountainous border areas of western Yunnan had
greatly improved, with only Nujiang still being at the close to imbalance level. The number
of cities in the minimal coordination level had reduced to one, and there were six new cities
at the moderate coordination level, as well as two at the good coordination level. However,
in terms of spatial patterns, the gap between the cities was still large. Dali and Honghe had
gradually become the “poles” with high levels of coupling coordination. However, as the
distance between the cities increased, the radiation pulling effect of the two cities on their
surrounding areas was relatively weakened, showing a certain “distance—decay effect”.
At this stage, the proportion of cities at the close to imbalance and minimal coordination
levels dropped to 20%, and the coupling coordination between the tourism industry and
urbanization in the study region basically reached the ideal state.

According to the subtypes of coupling coordination shown in Table 3, at different
levels of coordination, the tourism industry in the study region was mainly obstructed
or lagging, which indicates that the development speed of the industry in the region was
mismatched, seriously restricting the coordinated and synchronous development of the two
systems. In 2010, Nujiang, Baoshan, Dehong, Lincang, and Pu’er were all in the “close to
imbalance—tourism industry lagging behind” subtype. At this stage, Nujiang can be taken
as a representative city due to the constraints of its location, transportation, and economic level,
as well as the fact that its tourism industry started late; therefore, having a poor foundation,
the city’s coupling and coordination of its tourism industry and urbanization were hindered.
Meanwhile, Chuxiong, Honghe, and Dali were in the “minimal coordination—tourism in-
dustry lagging behind” subtype. Although the cities represented by Dali were already well
known tourist destinations at this stage, there was still some room for its tourism industry
to drive its urbanization, while its rapid promotion of urbanization failed to match this. In
2019, Nujiang was in the “close to imbalance—tourism industry lagging behind” subtype.
Lincang, Baoshan, Chuxiong, and Honghe were in the “moderate coordination—tourism
industry lagging behind” subtype. Lijiang and Xishuangbanna were in the “moderate
coordination—urbanization lagging behind” subtype. And Honghe was in the “good
coordination—tourism industry lagging behind” subtype. Due to the continuous improve-
ment of infrastructure, the appearance of towns and cities in the mountainous border states
of western Yunnan was greatly enhanced over the study period. However, the tourism
industry in the region entered a period of transformation and upgrading during this period,
and the active role of its tourism industry in the construction of its urbanization needs to
be fully realized in the future.
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Figure 6. The spatial distribution of coupling coordination degree of tourism industry and urbanization.

According to (7), the spatial linkage values of the coupling coordination degree among
the cities were calculated and visualized with ArcGIS10.5 software, and they were divided
into five levels (see Figure 6). The results show that a more stable spatial network structure of
the coupling coordination degree of the tourism industry and urbanization formed among
the cities. In 2010, the spatial connection pattern presented two adjacent triangles, with
Lijiang—Dali as the common line, Nujiang—Chuxiong as the triangle points, and Lijiang-Dali—
Baoshan-Dehong, Pu’er—Xishuangbanna, and Dali-Chuxiong as three main connected
axes. In 2019, the spatial linkages had weakened, with a reduction in general linkages
and the degradation of some strong and stronger linkages at different levels observed; for
instance, the Nujiang—-Baoshan, Dali-Pu’er, and Honghe-Xishuangbanna general linkages
had been weakened, and the strong linkage of Dali-Chuxiong and the stronger linkages of
Nujiang-Lijiang and Nujiang-Dali had been degraded step by step, in turn. In general, the
overall spatial connection in the mountainous border areas of western Yunnan was basically
ideal, and the two solid axes of Lijiang—Dali-Baoshan-Dehong and Pu’er—Xishuangbanna
had been formed. This indicates that there was a certain synergistic effect of tourism
industry and urbanization construction in each state and city, producing spatial spillover
and radiation drive.

4.3. Spatial Combination and Evolution Pattern of Coupling Degree and Coupling Coordination
Degree of Tourism Industry and Urbanization

4.3.1. Spatial Combination of Coupling Coordination Types

In order to reveal the differences in the spatial combination of the coupling degree
and coupling coordination degree within different time periods, the coupling degrees and
coupling coordination degrees of two typical years in 10 cities were classified into spatial
combinations (see Figure 7). The following can be seen. (1) From the perspective of time,
there were seven types of spatial combinations of coupling coordination in the two typical
years: in 2010, there were the severe uncoupling—close to imbalance, slight uncoupling—
close to imbalance, slight uncoupling—minimal coordination, advanced coupling—close to
imbalance, and advanced coupling-minimal coordination types; in 2019, the advanced
coupling-moderate coordination and advanced coupling-good coordination types were
added. By comparison, it was found that, in 2010, there were four advanced coupling-
minimal coordination types, two advanced coupling—close to imbalance types, and two
slight uncoupling—close to imbalance types, while in 2019, there were two advanced
coupling—-good coordination types and six advanced coupling-moderate coordination
type, and the combination type had obviously changed to a high level. (2) From a spatial
perspective, the combination types of coupling and coupling coordination changed in
each city, and the degree of this change showed some variability. For example, the spatial
combination type of Nujiang evolved from the severe uncoupling—close to imbalance type to
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the slight uncoupling—close to imbalance type, Lijiang evolved from the advanced coupling-
minimal coordination type to the advanced coupling-moderate coordination type, and
Pu’er evolved from the slight uncoupling—close to imbalance to the advanced coupling—
moderate coordination type, distinctly reflecting the fact that the coupling coordination
was continuously strengthening the coupling of the tourism industry and urbanization,
leading to a transformation from quantity to quality.
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Figure 7. The spatial combination of coupling degree and coupling coordination degree of tourism
industry and urbanization.

4.3.2. Evolutionary Model of Coupling Coordination Types

In order to further summarize the evolution pattern of the spatial combination type
of the coupling coordination degree, the evolution pattern of the coupling coordination
type of the tourism industry and urbanization in the mountainous border areas of western
Yunnan can be summarized as the following. (1) A balanced development pattern. This
model involved a spatial combination of the tourism industry and urbanization in the
study region, with there being increasing levels and small gaps between them. Further,
the spatial combination of the coupling and coordination had a high degree of match-
ing, and the overall development level was more balanced. Only Dali belonged to this
model. (2) The inertia development model. This model of regional tourism industry and
urbanization development continued to be characterized by the original development
inertia, with its systems leading or lagging behind the state and thereby remaining the
same. Further, the coupling and coordination of spatial combination in this model were
more ideal. Lijiang, Honghe, and Baoshan were typical representatives of this model.
(3) The inversion development model. In this model, the tourism industry and urbaniza-
tion development levels reversed, moving from the original development degree to lagging
behind, while its coupling and coordination of spatial combination were general. Dehong
and Xishuangbanna were the representatives of this model. (4) The leap development
model. The spatial combination of the coupling and coordination of the tourism industry
and urbanization in this model was not upgraded step by step, but directly crossed certain
stages. Pu’er was the most representative of this model, which directly rose from being on
the slight uncoupling-close to imbalance to the advanced coupling-moderate coordination,
crossing three stages.

4.4. Influencing Factors of the Coupling and Coordination Degree of Tourism Industry
and Urbanization

4.4.1. Model Construction and Variable Selection

According to the basic form of the panel Tobit model, and in order to avoid het-
eroskedasticity and multicollinearity, the explanatory variables were treated logarithmically
in order to construct a Tobit model of the factors influencing the coupling and coordination
of the tourism industry and urbanization:

Dit = ‘BQ + ,Bl In isit + le In ta; + ‘33 In opit + ‘34 In cej + ‘B5 In cajy + ,36 In tsi +u; + &t (9)

115



Land 2023, 12, 640

In (9), D (coupling coordination degree) is the explanatory variable, f is the parameter
to be estimated for each variable, and is, ta, op, ce, ca, and ts are the explanatory variables.
Among them, is denotes industrial structure, ta denotes transportation accessibility, op
denotes openness to the outside world, ce denotes the capital effect, ca denotes consumption
capacity, and ts denotes talent support, which are characterized by the non-agricultural
industries” proportion of the GDP, density of graded road networks, actual utilization of
foreign direct investment, per capita fixed asset investment, per capita retail sales of social
consumer goods, and number of students in general higher education schools, respectively.
The data in this section were obtained from the 2011-2020 Yunnan Statistical Yearbook, and
some missing data were filled in by linear interpolation.

4.4.2. Regression Model Analysis

In model (1), since the Tobit fixed-effects model cannot account for individual het-
erogeneity and cannot perform maximum likelihood estimation, a mixed Tobit regression
and a random-effects Tobit regression are considered. The likelihood ratio (LR) test rejects
the condition of “HO:u = 0” and there is an individual effect, so the random-effects Tobit
regression is used (model 1). Tobit regression analysis of the model was performed using
Stata software, and the results of the analysis are shown in Table 5.

Table 5. The regression results.

. (1) Random-Effects (2) Tobit Regression after (3) Truncated (4) Random-Effects .
Variate Tobit Regression Indicator I%eplacement Regression OLS Regression (5 Clad Estimate
Inis 0.135 (0.043) *** 0.135 (0.043) *** 0.195 *** (4.00) 0.138 *** (3.86) 0.072 (1.43)
Inta 0.354 (0.088) *** 0.357 (0.091) *** 0.264 ** (3.64) 0.377 *** (5.00) 0.278 *** (4.30)
Inop —0.025 (0.029) —0.035 (0.037) —0.08 (—1.90) —0.049 ** (—2.03) —0.087 * (—2.07)
Ince 0.131 (0.058) ** 0.148 (0.062) ** 0.223 *** (3.30) 0.1567 *** (3.35) 0.342 *** (4.76)
Inca 0.446 (0.091) *** 0.464 (0.089) *** 0.352 *** (3.63) 0.281 *** (3.84) 0.338 *** (4.26)
Ints 0.115 (0.035) *** 0.118 (0.036) *** 0.116 *** (3.43) 0.097 *** (3.21) 0.099 ** (2.83)
Constant —0.072 (0.033) ** —0.088 (0.022) *** —0.034 (—1.27) —0.005 (—0.19) —0.041 (—1.78)
sigma_u 0.03 (0.014) ** 0.031 (0.0138) **
sigma_e 0.08 (0.007) *** 0.079 (0.007) ***
LR p=0.048 p=0.041

Note: models (1) and (2) have standard deviations in parentheses, models (3), (4), and (5) have Z-values in
parentheses, and *, **, and *** indicate significance tests were passed at levels of 10%, 5%, and 1%, respectively.

4.4.3. Analysis of Regression Results

Using model (1) as the benchmark model for analysis, the results showed the follow-
ing. (1) Regarding industrial structure (is), its regression coefficient was 0.135, and this
passed the significance test at the 1% level, indicating that the current industrial structure
had a significant impact on the coupled and coordinated development of the tourism
industry and urbanization in the study region. The tourism industry is influenced by
changes in industrial structure [68], and urbanization also requires the boost provided
by the optimization of industrial structure [69]. In the context of the long-term positive
economic development in the study region during the study period, the region’s industrial
structure was gradually upgraded, and the supporting role and thrust role were continu-
ously enhanced. (2) Regarding transportation accessibility (fa), its regression coefficient was
0.354, and this passed the significance test at the 1% level, indicating that the improvement
of traffic accessibility helped promote the coupled and coordinated development of the
tourism industry and urbanization. Transportation conditions provide support for the
development of the tourism industry and are an important guarantee for the smooth pro-
motion of urbanization. Due to the accelerated construction of transportation infrastructure
in the study region during the study period, the region’s relatively occluded transportation
shortcomings were gradually alleviated, which helped build the construction of the region’s
regional tourism industry and urbanization. (3) Regarding openness to the outside world
(op), its regression coefficient was —0.025, and this did not pass the significance test at the
10% level, indicating that the effect of expanding openness to the outside world on the
coordinated development of the tourism industry and urbanization in the study region
was not yet obvious. Opening up to the outside world can stimulate the economic vitality
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of towns and cities [70] and drive regional development through technology transfer and
spillover effects. However, the total amount of foreign investment actually utilized in
the study region was extremely low, and it therefore did not play a significant role in the
construction of the region’s tourism industry and urbanization. (4) Regarding the capital
effect (ce), its regression coefficient was 0.131, and this passed the significance test at the
1% level, indicating that the strengthening of the capital effect significantly promoted the
coupled and coordinated development of the tourism industry and urbanization. With
the implementation of policies, such as Western development, the construction of the Belt
and Road Initiative, and the policy of promoting the border and enriching the people, the
amount of fixed asset investment in the study region grew rapidly over the study period,
and the capital involved in its process of tourism industry development and urbanization
construction became effectively guaranteed. (5) Regarding consumption ability (ca), this
was the indicator with the largest influence factor. Its regression coefficient was 0.446,
and this passed the significance test at the 1% level, indicating that the improvement of
consumption ability was the key influencing factor for the coupled and coordinated de-
velopment of the tourism industry and urbanization in the study region. The upgrading
of residents’ consumption is an important means of promoting the development of the
tourism industry and an important factor in the improvement of the economic activity of
urban markets. In recent years, the living standards of residents in the mountainous border
areas of western Yunnan have improved significantly, and their consumption capacity has
been enhanced. Furthermore, the demand for tourism and leisure, as well as for other
enjoyment and development-oriented areas, has increased, which has injected vitality into
the development of the region’s tourism industry and urbanization. (6) Regarding talent
support (fs), its regression coefficient was 0.115, and this passed the significance test at
the 1% level. This indicates that talent support played a significant role in the coupled
and coordinated development of the study region’s tourism industry and urbanization.
Improving the quality of the labor force is a factor important to the promotion of long-term
economic growth. Due to the vigorous development of scientific education and the intro-
duction of numerous talent introduction policies in the cities in the mountainous border
areas of western Yunnan in recent times, the level of these cities” labor force has been solidly
improved, providing a sustainable guarantee for the construction of its tourism industry
and urbanization.

4.4.4. Robustness Test

In order to verify the accuracy of the analysis results, some of the explanatory variables
were replaced with their characterization indicators, and mixed Tobit regression and
random effects panel Tobit regression were performed again. The results of the likelihood
ratio (LR) test indicated that random effects panel Tobit regression was still required; the
analysis results are shown in model (2) in Table 5. Additionally, to further verify the
accuracy of the regression results, broken-tail regression (model 3), ordinary panel random
effects (using great likelihood estimation, model 4), and clad estimation (model 5) were used
for further analysis. By comparing the results, we found little changes in the coefficients
and significance levels of the explanatory variables, indicating that the regression results
were robust and credible.

5. Discussion
5.1. Research Findings

In this study, in terms of the development level, the mean values of the tourism
industry and urbanization in the mountainous border areas of western Yunnan during
the study period were found to have increased by nearly three times and nearly one time,
respectively, with the development level having been increased significantly. Further, the
standard deviations of the tourism industry and urbanization increased by 68% and 76%,
respectively, and the absolute gap in the development levels of the cities was increasing.
Further, the coefficients of variation of the tourism industry and urbanization decreased by
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nearly 1.3 times and nearly 1%, respectively, and the relative gap in the regional tourism
industry was gradually decreasing, while the relative gap in urbanization was slowly
shrinking. From the viewpoint of spatial layout, the pattern of the tourism industry
development level clearly changed, but more than half of the cities studied were still at the
low development level, and the intrinsic two-level differentiation was still obvious. Further,
the pattern of the urbanization level in each city also showed obvious improvement, but
the phenomenon of spatial polarization expanded, and the overall regional development
process moved slowly towards being balanced.

In terms of the sequential variation in the coupling coordination degree, the coupling
coordination degree of the tourism industry and urbanization in the border mountain-
ous areas of western Yunnan increased by 65.68% during the study period, showing a
good development trend of steady growth. At the regional level, the time series of the
coupling coordination degree varied, and the average annual growth rate was ranked
as the following: West Yunnan > Southwest Yunnan > Northwest Yunnan. In terms of
the spatial evolution of the coupling coordination degree, the location differences in the
coupling coordination degree expanded during the study period, evolving from two types
to four types; in terms of the subtypes of the coupling coordination degree, the cities
maintained consistency, with the tourism industry lagging behind (hindered); in terms of
the spatial connection of the coupling coordination degree, two solid axes were formed:
“Lijiang-Dali-Baoshan-Dehong” and “Pu’er-Xishuangbanna”.

From the spatial combination of the coupling coordination types, each city’s combi-
nation type levels appeared to be elevated to a certain extent, evolving from five types to
seven types. Their spatiotemporal patterns were similar to the differentiation characteris-
tics of the tourism industry development level, urbanization level, coupling degree, and
coupling coordination degree. Further, the evolution pattern of the coupling coordination
types presented a balanced development pattern, represented by Dali, an inertial devel-
opment pattern, represented by Lijiang, a reversal development pattern, represented by
Xishuangbanna, and a leap development pattern, represented by Pu’er.

From the viewpoint of the influencing factors of the coupling coordination degree,
industrial structure, transportation accessibility, the capital effect, consumption capacity,
and talent support had significant positive effects on the coupling coordination degree
of the tourism industry and urbanization in the mountainous border areas of western
Yunnan, with the influence degrees of these factors ranked as the following: consumption
capacity > transportation accessibility > capital effect > industrial structure > talent support.
Meanwhile, the promotion effect of the degree of opening up to the outside world on the
coupling coordination degree was not yet obvious.

5.2. Practical Implications

Based on the research results, we propose several recommendations for marginal
and less developed regions: First, rely on policies, and find a reasonable orientation
based on the background of a given region. By taking advantage of the opportunities
brought by the promotion and implementation of regional policies, and by following
the principle of “precise positioning, rational exploitation, and development in order”,
reduce excessive competition and fully explore the development potential of the tourism
industry. Further, seize the opportunity provided by the forward position of inland open
highlands and practice the urbanization path of scientific development. Second, aim to
achieve the effect of “1 + 1 > 2”. Guided by the humanistic concept of urbanization and
the comprehensive function of tourism, establish a unified mechanism of the “quality
improvement” of urbanization and the “transformation and upgrading” of the tourism
industry, utilize the interaction and joint effects of the pan-tourism industry, and promote
the deep integration and synergistic development of the tourism industry and urbanization.
Third, focus on integrated development and the implementation of the “point, line, surface”
idea. Take better-developed areas as the essential pivot point, promote the demonstration
effect in the process of tourism and urbanization construction, and reduce the cost of
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monitoring these areas’ vicinities. Further, take the circular tour, town belt, etc., as the key
axis, promote infrastructure interconnection, co-construction and sharing, and enhance
exchange and cooperation between regions. From point to line, interweave surfaces, make
good use of the “key point” and “important lines”, establish regional cooperation and
coordination mechanisms, implement regional cooperation and development strategies,
and promote more balanced overall development in marginal and less developed regions.
Fourth, strengthen strengths, fill weaknesses, and optimize the power superimposed
effect. Given the reality that some marginal and less developed regions are rich in tourism
resources but backward in their economic bases, the development of the tourism industry,
through industrial structure upgrading, should be promoted in these regions in order
to release economic pressure, promote transit construction in order to enhance traffic
accessibility, and improve regional residents” income in order to enhance consumption
capacity. At the same time, enhance a given region’s financial support ability to ensure the
source of funds, improve the quality of foreign investment during the broad opening up
stage, vigorously develop science and education, and promote rational personnel policy in
order to improve labor quality, thereby deepening the coupling and coordination effect of
the tourism industry and urbanization.

5.3. Further Discussion: The Complex Relationship between the Tourism Industry, Urbanization
and the Ecological Environment

It is necessary to promote urbanization through the development of the tourism in-
dustry in marginal and less developed regions, but in this process, the interaction between
urbanization and the ecological environment cannot be ignored. On the one hand, the
tourism development in marginal and less developed regions mainly occurs in the form of
ecotourism, which is dependent on the ecological environment; for example, the mountain-
ous border areas of western Yunnan described in this paper have several national nature
reserves, and the existence of these natural resources is the basis for the development of
the tourism industry in marginal and less developed regions. On the other hand, urbaniza-
tion development can negatively affect natural resources and the ecological environment,
exacerbate vulnerability, and thus affect the sustainable development of ecotourism. If
the urbanization of marginal and less developed regions proceeds into the ecological trap,
the chain reaction will be as follows: urbanization destroys the ecological environment,
the damage to the ecological environment hinders the development of ecotourism, and
ecotourism development affects the urbanization construction, forming a vicious circle,
which eventually affects the development of the whole region. Therefore, marginal and less
developed regions that are involved in the tourism industry should carefully guide the ur-
banization process, pay extra attention to the ecological responses, and adopt green routes
to urbanization to ensure that urbanization and the development of ecological tourism can
interact in a positive fashion.

5.4. Limitations

This study did have several limitations. Firstly, we mainly used ArcGIS and the spa-
tial attraction model to analyze the spatial characteristics of the level of tourism industry
development, the level of urbanization, and the coupling coordination degree. However,
although we attempted to comprehensively reveal the mechanisms behind these phenom-
ena, further analysis is still needed. Multiple methods can be used to supplement and
improve relevant research in the future. Secondly, to ensure the study’s completeness, the
factors influencing the coupling coordination degree were also analyzed. These factors
were selected based on the criterion that they significantly impact tourism and urbanization,
and we tried to include all critical factors in the study. However, because tourism and
urbanization are complex phenomena, there may have been some factors that we did not
include and that therefore should be considered in future studies.
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6. Conclusions

Based on the analysis of the mechanism of the coupling and coordinated development
of the tourism industry and urbanization, this study measured the development levels and
coupling coordination degree of the tourism industry and urbanization in the mountainous
border areas of western Yunnan, as well as their spatial-temporal pattern evolutionary
characteristics. Furthermore, using the panel Tobit model, the study explored the influ-
encing factors of the coupling and coordinated development of the tourism industry and
urbanization in the study region. The important findings of the study were as follows:

(1) The development levels of the tourism industry and urbanization in the mountainous
border areas of western Yunnan in the study period showed growth trends, but they
were uneven in their spatial distributions.

(2) The coupling coordination degree of the tourism industry and urbanization in the
study region also presented a development trend of steady-state growth. How-
ever, from the perspective of spatial evolution, the location differences of different
cities expanded.

(3) Combining the coupling degree and coupling coordination degree of different cities,
four evolutionary patterns were found: balanced development, inertia development,
inversion development, and leapfrog development patterns.

(4) The influence degrees of the different factors on the coupling coordination degree were
ranked as the following: consumption ability > transportation accessibility > capital
effect > industrial structure > talent support > opening up to the outside world.

The research results have reference significance for the development of marginal
and less developed regions and can provide insights for the promotion of the effective
integration development of the tourism industry and urbanization.
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Notes

1 In this paper: the mountainous border areas of western Yunnan were divided into three major regions, northwest Yunnan,

west Yunnan, and southwest Yunnan, of which northwest Yunnan includes Chuxiong, Dali, Lijiang, and Nujiang, west Yunnan
includes Baoshan, Dehong, and Lincang, and southwest Yunnan includes Pu’er, Xishuangbanna, and Honghe.
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L B S R N

Abstract: (1) Background: Along with the maturity of smart cities, digital villages and smart villages
are receiving more attention than ever before as the key to promote sustainable rural development.
The Chinese government has made great efforts in promoting the digital development of villages in
recent years, as evidenced by policies intensively introduced by the central and local governments,
making China a typical representative country in the world. (2) Methods: This paper evaluates the
performance and geographic pattern of rural digital development by the Geographic Information
System (GIS) in Gansu, a less developed province in western China, and analyzes the driving
mechanism of rural digital development using GeoDetector, providing a basis for spatial zoning
and differentiated policy design for the construction, planning and management of digital villages
based on the GE matrix. (3) Results: First, the development of digital villages shows a prominent
geographical imbalance, with 79 counties divided into leader, follower and straggler levels. Second,
digital villages show unsynchronized development in different dimensions, with the village facilities
digitalization index in the lead and the village economy digitalization index lagging behind. Thirdly,
the development of digital villages is characterized by significant spatial correlation and spillover
effects, with cold and hot counties distributed in clusters, forming a “center-periphery” structure.
Fourth, the factors show significant influence differentiation. They are classified into all-purpose,
multifunctional and single-functional factors by their scope of action, and into key, important and
auxiliary factors by their intensity of action. Fifth, the interaction and driving mechanism between
different factors is quite complex, dominated by nonlinear enhancement and bifactor enhancement,
and the synergistic effect of factor pairs helps increase the influence by 14 times. (4) Conclusions: It is
suggested that the government develop differentiated policies for zoning planning and management
based on the level of digital development of villages in combination with the factor influence and
its driving mechanism and promote regional linkage and common development and governance

through top-level design.

Keywords: rural digitalization; smart village; influence factor; China

1. Introduction

Since the concept of Smart Earth was introduced, the digital development of urban
and rural areas has become a new global trend [1,2]. The concept of the Smart Village
originated from the Smart City, and just as the Digital City is the fundamental condition for
the construction of the Smart City, the Digital Village is the prerequisite for the construction
of the Smart Village [3,4]. With the application and popularization of frontier technologies
such as big data, cloud computing, artificial intelligence and Internet of Things, especially
the maturation of digital cities and smart cities, traditional villages have gained an impor-
tant opportunity for digital revolution and development, and the construction of digital
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villages and smart villages is becoming an emerging hot area [5,6]. The digital village is
a novel form of modern village construction featuring digital and intelligent production
elements with the Internet platform as an operation carrier, and emerging practical tech-
nologies such as Internet of Things, cloud computing and big data as the means [7]. To
boost the development of rural digitalization, many countries and regions have increased
their support in recent years, as evidenced by the “Rural Broadband ReConnect Program”
proposed by the U.S. Department of Agriculture [8], the “Smart Countryside Initiative”
proposed by the European Commission [9,10], the “Outline of Digital Rural Development
Strategy” introduced by the Chinese central government [11] and Russian countryside
online projects [12]. The level of rural digitalization varies greatly from country to country
due to differences in start-up time, emphasis, investment intensity and driving mechanisms.
Therefore, to better promote the construction of the Digital Village or Smart Village, it is of
great theoretical significance and practical value to scientifically evaluate and analyze the
characteristics of the current situation, determine the development disparities of different
regions and reveal their influence factors and driving mechanisms [13].

China is one of the earliest countries to integrate digital technology into rural devel-
opment, and the government regards digitalization as an important strategy to achieve
rural revitalization and sustainable development and make its planning and construction
of “digital villages” a typical representative in the world [14]. The Chinese government has
long regarded information technology as an important means to promote the development
of rural modernization, and as early as 2005 the central government proposed to strengthen
the development of agricultural and rural information technology. China is currently in
the stage of rapid urbanization, characterized by a massive migration of rural populations
to cities and towns and increasingly serious rural shrinkage and decay. To promote rural
revitalization, the Chinese central government proposed the “Digital Rural Development
Strategy” in 2018. Based on top-level design, the central government of China has succes-
sively released national policies such as the Outline of Digital Rural Development Strategy,
the Plan for the Development of Digital Agriculture and Rural Areas (2019-2025) and the Notice
on the Implementation of the National Digital Rural Pilot Project. To push the all-round con-
struction of digital villages, the central government has further selected 117 counties for
pilot projects of digital villages. The pilot counties are in all provincial-level administra-
tive regions (including provinces, autonomous regions and municipalities directly under
the central government), including 27 counties removed from the list of national-level
poverty-stricken counties. To better implement the central government’s macro policies,
about 70% of local governments have successively formulated digital village construction
plans, practice solutions and other region-specific policies (according to the incomplete
statistics by the authors based on policies released on provincial government websites as
of 23 October 2022), and some provincial governments (e.g., Guangxi, Yunnan, etc.) have
further set provincial digital village pilot counties (cities and districts). The results of the
research on China can serve the Chinese government in policy making and can also provide
constructive information for the development of digital villages or smart villages in similar
countries around the world.

2. Literature Review

Digital villages and smart villages are the physical manifestations of rural information
development at different stages with no essential difference. Therefore, this paper integrates
the two in the literature analysis. Scholars are currently interested in the following areas.

2.1. Theoretical Research

Scholars have discussed the concept [15], analyzed the necessity and feasibility of rural
digitization and intelligent development and proposed different approaches for different
regions [16]. They also focus on thematic research on the development of different types
of digital villages and smart villages. Most of the papers are dedicated to the analysis
of the Smart Tourist Village [17], Taobao Village [18], such as the rural smart tourism
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service [19] and the development [20] model, which are spontaneous responses of villages
to the development of smart tourism and e-commerce. Very few studies deal with the
digital preservation and heritage strategies of smart eco-villages [21] and traditional ancient
villages [22], such as the construction of traditional village digital archives [23], whose
digital development is driven by government ecological or heritage conservation invest-
ments. Theoretical research is currently limited to superficial areas such as the definition of
the basic connotation of digital villages and smart villages and the deconstruction of the
development model of special types of digital and smart villages, while deep academic
discussions on the driving mechanisms and evolutionary laws of rural digital development
still remain blank (Table 1).

Table 1. Literature review and research gaps analysis.

Obijectives

Methodologies

Literatures

Gaps

Concept and definition

Types and Development mode

Digital or intelligent
application modules

Latest applications of
emerging digital and
intelligent technologies
Macro development strategies
and policies

Micro-spatial planning and

Phenomenon observation and
logical reasoning

Case study and
qualitative analysis

Policy analysis and pilot

Satola, Budziewicz-Guzlecka
[15,16]

Ciolac, Leong, Hu, Li, Huang,
etc. [17-23]
Ogryzek, Mounce, Dai,
Francini, etc. [24-31]

Irwansyah, Kaur, Ram, Cvar,
etc. [32-38]

Stojanova, McGuire, etc.

Driving mechanism and
evolution law

Development demand and
local supporting capacity

Quantitative analysis and
evidence-based
decision-making

design schemes analysis

experience promotion [39-41]
Case study and Zavratnik, Wojcik, Bielska,
qualitative analysis etc. [42—45]

2.2. Technical Research

Besides the analysis of digital or intelligent application modules, including develop-
ment paths and solutions for smart rural transportation [24,25], smart land [26], smart
grids [27], smart metering [28], smart finance [29], smart governance [30] and scalable
architecture for smart villages [31], the scholars focus on the latest applications of emerging
digital and intelligent technologies in the development of villages or hamlets [32], including
blockchain [33], Internet of Things [34,35], machine learning [36], artificial intelligence [37]
and big data technologies [38]. The increasing application of new generation information
technology such as the Internet, big data and cloud computing in digital villages and
new rural infrastructure in recent years has significantly accelerated digital, networked,
intelligent and smart rural development and narrowed the digital divide between urban
and rural areas. For example, the use of the Beidou System and artificial intelligence for the
scientific management of crops improves management efficiency. Besides, QR code tech-
nology enables the full traceability of agricultural products from field to table; e-commerce
and live streaming platforms increase the sales of agricultural products and expand the
geographical scope of sales. Of note is that the current research is more based on the
technology development trend, with less effort focused on the needs and development
support capacity of digital village construction.

2.3. Policy and Planning Research

On the one hand, they analyze macro development strategies and policies, including
Stojanova’s analysis of the policy evolution of the EU Smart Village [39], and the intro-
duction of rural smart policy in Australia and the ‘smart’ rural development program in
Northern Ireland by Randell-Moon [40] and McGuire [41]. On the other hand, they conduct
micro-spatial planning and design schemes analysis; for example, Zavratnik [42] analyzed
the case of smart village initiatives and practices in Slovenia, Wojcik [43] and Bielska [44]
assessed the spatial model and planning digitization of smart village development in
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Poland and Li [45] analyzed the digital village spatial design schemes in Youzhagqiao Vil-
lage, Guangshui, China. Notably, these practices are innovative, but unfortunately, they are
based more on empirical and exploratory work and at odds with trends and requirements
for quantitative analysis and evidence-based decision-making.

2.4. Research Gaps Analysis

In summary, a series of valuable papers are available on digital and smart village
development, mostly focusing on the concepts, types, functional modules and technological
applications, development policies and spatial planning of smart and digital villages [46].
All the conclusions provide a valuable reference for this study. However, there are some
limitations in existing studies. First, there is still insufficient scholarly research on how
to evaluate the level of digital and intelligent development of villages and measure inter-
regional differences and correlations though it is a key basis for government management.
Although Venkatesh [47], Gerli [48], Erdiaw-Kwasie [49], Chen [50] and Labrianidis [51]
analyzed the digital divide in Indian, British, Australian, Chinese and European villages,
they failed to give satisfactory answers to the questions above (on the degree of develop-
ment and its spatial effects). As Maja [52] stated, despite the good results of digital and
smart village research and practice, research on indicators and criteria that can be used
to evaluate them is still deficient as of now. Second, the construction of digital and smart
villages is influenced by many factors, and there are no papers specifically analyzing the
driving factors and their mechanisms of action. As with digital and smart cities, revealing
the deep-seated driving mechanisms of digital and smart development in rural areas is
a prerequisite for the proactive government intervention and management of digital and
smart village construction and also a basis for setting development goals, policies and
plans in different regions according to local conditions [53]. Therefore, it is very necessary
to study the influence factors and their mechanisms for the theoretical construction and
practice of digital and smart villages.

3. Materials and Methods
3.1. Study Area: Gansu Province

Gansu Province is in northwestern China and is a less developed region (Figure 1).
The study area covers 79 county-level administrative districts in Gansu Province, excluding
Chengguan, Qilihe, Xigu and Anning districts in Lanzhou City, Jiayuguan City (which has
no subordinate districts or counties), Jinchuan District in Jinchang City, Baiyin District in
Baiyin City and Subei County in Jiuquan City (Figure 2). Eight units are excluded from the
study area because of the data deficiencies. In the Index of Digital Rural Counties, 2020, data
are only available for counties where the ratio of agricultural value added to GDP was less
than 3% in 2019, excluding data for prefecture-level cities.

We chose Gansu as the study area mainly for the reasons of policy support and devel-
opment status. Policy support comes from both central government and local government.
According to the Notice on Announcing the List of National Digital Rural Pilot Areas, Gaolan
County of Lanzhou City, Yumen City of Jiuquan City and Gaotai County of Zhangye City
are in the first batch of national pilot areas for digital villages. Driven by the national
pilot and supported by the central government, Gansu has carried out provincial pilot
construction in 5 cities, 10 counties, 50 towns and 500 villages. In the Outline of the Four-
teenth Five-Year Plan for National Economic and Social Development of Gansu Province and the
Visionary Goals for 2035, the provincial government clearly put forward “the digital rural
development strategy”. The city and county governments also attach great importance
to the construction of digital villages. For example, Gaotai, a national pilot county, has
released the Development Plan of Digital Villages in Gaotai County (2020-2024) and the Im-
plementation Plan of the National Pilot Construction of Digital Villages in Gaotai County. With
the support of government investment, Gansu has witnessed faster construction of digital
villages than its counterparts, quite typical across the country. According to the County
Digital Village Index Report released by the New Rural Development Institute of Peking
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University in conjunction with Ali Research Institute, 91 of the 100 fastest growing counties
in the county digital village index in 2020 are from western China. Gansu ranks among the
top five provinces with the fastest development of digital villages: Inner Mongolia (11%),

Tibet (10%), Ningxia (10%), Gansu (9%) and Hebei (7%) by growth rate [54].
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3.2. Research Question, Steps and Methods

The digital village strategy has achieved much after years of implementation, but it
also faces great challenges. To accommodate the new development situation, there is an
urgent need to optimize the digital village policy. However, there is still a lack of basic
and critical knowledge on the level of digital village construction, regional differences
and impact mechanisms to provide an adequate basis for the government. Using the
Geographic Information System (GIS) and GeoDetector, this paper is dedicated to an
empirical study on 79 counties in Gansu, China (including all national digital village
pilots in the province) to analyze the level of digital development of villages and the
characteristics of regional differences, reveal the influence factors and their mechanisms of
action and provide references for the construction of digital or smart villages in China and
similar countries around the world. After data collection and preprocessing (as detailed in
Section 2.3), the study consists of three processes and five steps (Figure 3).

Independent Variable Dependent Variable
ArcGIS Data Geodetector

Cfrac'ie af‘d @ Analysis © Factor
Distribution - Detect

Analysis I o clector

Performance Impact
Soatial Evaluation Mechanism
patia

Correlation | @ o @ Interaction
and Effect Development  Management  Driving Detector

Analysis Index Application Index

® General Matrix Method
Spatial Zoning Planning Differentiation Policy Design

Note: I IIM stands for processes, 1)2)3)4)5) stands for steps

Figure 3. Research steps.

3.2.1. Performance Evaluation and Spatial Characteristics of Digital Village Development

The first process is to analyze the performance and spatial characteristics of digital
countryside development in Gansu Province using GIS tools. What are the characteristics
of the development and discrepancy of digital villages in different regions? By the spatial
analysis method of GIS, we try to evaluate the development level and reveal the spatial
differentiation and correlation characteristics of the rural digitalization level and lay the
foundation for driving mechanism analysis and policy design.

The first step is to analyze the geographical distribution pattern of the digital rural
development index using the spatial clustering analysis tool, which is the most used method
for spatial analysis and a nonparametric method that combines statistical principles with
graphical means [55]. There are some natural turning points, characteristic points in any
statistical series, with which the object of study can be divided into groups of similar nature,
so the break points themselves are good boundaries for classification. In the analysis
based on GIS, we group the data using the natural breakpoints, and emphasize that the
data themselves “speak”, minimizing a priori assumption in rule detection and model
construction to better fit the actuality. Compared with other classification methods such as
quantile, equal interval and standard deviation, the natural breakpoint method maximizes
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the difference between different classes and better visualizes the spatial heterogeneity of
the digital rural development index.

The second step is to analyze the local aggregation and correlation characteristics of
the digital rural development index in space using the spatial hotspot analysis tool to reveal
where the clustering of high or low value areas occurs in geographic space [56]. In this
paper, we classify the study area into four types of hot, sub-hot, cold and sub-cold areas
by Hotspot Analysis Tool, based on the index Getis-Ord G;. The statistical significance
of G} is tested using the standardized parameter Z [57,58]. Z > 2.58 indicates a hot area,
representing the high-value cluster area. That is to say, the high values do not exist in
isolation, but that they, as well as the digital rural development indexes of adjacent regions,
are in the high value region and can be considered as leaders in the digital development
of the villages in the study area. Z < —2.58 indicates a cold area, which represents the
low-value cluster area. That is, the high values do not exist in isolation, but they, as well as
the digital rural development indexes of adjacent regions, are in the low value region and
can be considered as laggards in the digital development. The areas with 1.96 < Z < 2.58 or
—1.96 < Z < 1.96 are sub-hot or sub-cold areas, indicating that the high and low values are
isolated, i.e., the central region has completely opposite attribute values to its surrounding
neighbors, and shows central polarization (high in the center and low in the periphery)
or collapse (low in the center and high in the periphery). A larger absolute value of the
index G; indicates that it is more statistically significant and it is less likely to be randomly
distributed. With n representing the number of counties, Y; and Y; as the values of the
digital rural development index in counties i and j, respectively, Y as the mean value
of the digital rural development index, W;; as the spatial weight matrix in global spatial
autocorrelation, Sy as the sum of spatial weight matrices and S as the standardization of
the digital rural development index, the index G; is calculated as follows [59]:
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3.2.2. Influencing Factors and Impact Mechanism of Digital Village Development

The second process is to analyze the mechanisms driving the development of digital
villages based on the GeoDetector. What factors have influenced the process of the digital
and intelligent development of the countryside? GeoDetector is used to quantify the
influence of different factors on rural digitization and reveal the interaction and effect
between different factors. The analysis of the driving mechanism can be conducted based on
GeoDetector [60], Geographically Weighted Regression [61], the Spatial Durbin Model [62]
and other methods. GeoDetector is used in this paper, as it allows simultaneous analysis
of the direct and interactive effects of the influence factors and fits the needs of this study
better than other methods. GeoDetector is a collection of open-source research applications
developed by Prof. Wang Jinfeng for measuring spatial heterogeneity, detecting explanatory
factors and analyzing interactions between variables (including two versions in Excel and R
languages, free to download at http:/ /www.geodetector.cn/, accessed on 12 October 2022)
that has been applied in many fields of natural and social sciences. The basic principle of
GeoDetector is based on the second law of geography (the Law of Spatial Heterogeneity). It
divides the study area into geographic subdivisions in calculation and defines the variance
of the digital rural development index within a subdivision smaller than that between
subdivisions as spatial stratified heterogeneity.
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The third step is to analyze the direct influence of different factors on the development
of digital villages by the factor detection tool. The key to digital rural development index
factor detection and interaction detection using GeoDetector is to calculate the index g,
which represents the heterogeneity of the dependent variable and the influence of the
independent variable. The index g represents the direct influence of different factors (such
as X; and X;) on the digital rural development index in factor detection, which is expressed
as q (X;) and g (X)) in this paper. By comparing the similarity in spatial patterns between
the influence factors (independent variable, X;) and the digital rural development index
(dependent variable, Y;), GeoDetector calculates and outputs index g [63] (Figure 4). The
maximum value of index g is 1 and the minimum value is zero. A larger index indicates
that the factor has a greater influence on the digital rural development index. With h
representing the number of zonings of the influence factors in the study area (2-10 in this
paper), Nj and N being the number of counties in the area h and the study area, respectively,
(75 and ¢? as variances of the digital rural development indexes in the area h and the study
area, respectively, and SSW being the sum of the variance of the zonings (Within Sum of
Squares) and SST being the total variance of the study area (Total Sum of Squares), g is
calculated as follows [64]:

=1 Z:lhzl Nhgf% =1 SSW (4)
1 No2 SST
l 2
SSW =Y Nyo? (5)
h=1
SST = No? (6)
Y; (Vh=1,07=1) (Yh=2,07=2)
Study Area 8/\
- “\
h=1 6\.
X; h=3
(Yr=3,07=3) (Ya=nO=n)
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Xi Xj
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q(X;) q(X;NX;) q(X;)
I}Ide
De,
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Min(q(X;), q(X})) Max(q(X;), q(X;)) q(X;) + q(Xj)

Figure 4. Factor and interaction detector of GeoDetector.

The fourth step is to analyze the combined influence of different factors acting together
on the development of digital villages using the interaction detection tool to reveal the
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interaction relationship between factors. In the interaction detection the index g represents
the combined influence of 7 and j factors when acting together on the digital rural develop-
ment index, which is expressed in this paper as q (X;NX;). According to the relationship
of g (XiNX;) with the minimum direct influence value (Min (g (X;), q (Xj)), the maximum
value (Max (9 (X;)), q (X;)) and the sum value (7 (X;) + g (X})), the interactive influence is
divided into five classes [65]. Depending on the type of factor-pair interaction, it is possible
to determine whether the two factors increase or decrease the influence when they act
together. Both nonlinear weaken and single nonlinear weaken represent the presence of an
antagonistic effect between different factors, indicating that the driving forces of i and j
cancel each other with influence weakened or even disappearing when they act together
on Y. The pairing of the two factors should be avoided in policy design. Both bifactor
enhancement and nonlinear enhancement represent a synergy effect between different
factors, suggesting that the driving forces of i and j reinforce each other with enhanced
or even significantly amplified influence when they act together on Y. It is important to
induce the pairing of the two in policy design [66,67] (Figure 4).

3.2.3. Management Zoning and Policy Design of Digital Village Development

The third process is to divide the study area into multiple spatial zones and design
differentiated management policies by using the general matrix method. How to apply
the analysis results to the design process of digital rural development policy? The results
of the analysis of the first two problems are coupled using the GE matrix to provide ideas
and suggestions for policy design from the perspective of spatial zoning and differentiated
management. The last step is to divide the study area into a variety of space partitions by
the general matrix method and design targeted and adaptive management policies for each
partition. The general matrix method, also known as the nine-quadrant evaluation method,
is a portfolio analysis method designed by the General Electric Company in the United
States. It evaluates the competitiveness and attractiveness of companies separately based
on weighted indices to establish nine combinations and three strategy types. In the study of
village digitalization, the development index is chosen to represent the competitive power
as the horizontal coordinate, and the driving index is chosen to represent the attractiveness
power as the vertical coordinate. The two indices are divided into three levels by the
quantile method, thus contributing to nine combinations and three types of policy areas.
Targeted and appropriate investment strategies and management policies are designed for
each type based on the actual construction and development needs of the digital villages in
the policy area (Figure 5).
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Figure 5. General matrix method.
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3.3. Indicator Selection and Data Sources

The Chinese government has not issued an official scheme for measuring the devel-
opment level of digital villages and constructing an index system [68], although there are
two schemes available. The first is that Zhang [69] constructed a provincial digital rural
development index and creatively proposed the concept of Digital Rural Development
Readiness. It refers to the degree of preparation for the construction of digital villages and
puts forward five first-level indexes: macro environment support, general infrastructure
support, information environment support, government service environment and applica-
tion service. The second is China’s county-level digital rural development index published
by the Institute of New Rural Development of Peking University and the Ali Research
Institute. Annual reports for 2018 and 2020 have now been released. The reports focus on
evaluation at a county scale, and the report for 2020 provides sample data of 2481 coun-
ties (districts or cities), a large proportion of county-level regions in China. The digital
countryside index for counties sums up the digital content and specific representations of
China’s rural infrastructure, rural economy and rural management, and includes specific
representational indexes from the perspectives of both producers and consumers, with
full consideration of the emerging digital phenomena in current rural development [70].
Moreover, the report represents an aggregate of national macro statistical data, industrial
data and Internet big data to measure actual digital rural development more accurately,
which has had a great social influence [71].

Therefore, based on the comprehensive consideration of spatial scale, data quality and
spatial demand, the indexes in the second scheme are used as research data in this paper.
The level of digital village development is represented by the village digitalization index,
which is further divided into three key sub-indexes: the village facilities digitalization
index, village economy digitalization index and village management digitalization index.
All indexes have a value in the range of (1, 100) and a larger value represents a higher level
of development [72]. Since the Chinese government has been vigorously promoting the
development of “new infrastructure”, digital economy and digital government in recent
years [73], all four indexes are set as dependent variables.

As there is no specific research on the factors influencing the construction of digital
villages at present, it is impossible to draw directly on the research experience of other
scholars. We can extract the possible set of influence factors by analyzing the key pro-
cedures of digital village construction practice. First of all, both the central government
and local governments in China have incorporated the construction of digital villages into
the development plans of new urbanization and rural revitalization, and factors related
may affect the development of digital villages [74]. Given that urbanization and rural
revitalization are complex processes, this paper chooses rural population, urbanization
rate, rural consumption, rural resident and per capita income to characterize them, based
on the research approach of Xie [75] and Zhang [76]. Secondly, rural digitalization is a new
product of the integration of traditional rural development to a certain stage and emerg-
ing information technology, so the county’s economic development stage and industrial
structure will inevitably have a great impact on the rural digitalization process. Following
the research approach of Ouyang [77], Li [78] and Zhao [79] et al., this paper chooses to
represent the impact of economic and industrial structure and the level of industrialization
with Gross Domestic Product (GDP), Secondary Industry Added Value, Tertiary Industry
Added Value and GDP Per Capita. Thirdly, the construction of digital villages is still in its
early stages, and the government plays a significant role in the process of digitizing villages.
Based on the findings of Shen [80] and Chang [81], this paper uses Government Revenue
and Fixed Asset Investment to represent the state or potential of government investment in
the development of the digital countryside. In summary, this paper constructs a system
of indexes applied to driving mechanism analysis from the perspective of urbanization,
industrialization and government support using 10 independent variables and 4 dependent
variables (Table 2).
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Table 2. Variable composition analysis.

Variable Code Indicator Data Source

Y; Village Digitalization Index

Dependent 2 xﬁzgg Eigiﬁﬁ;%?g ;?alif;;i?;lﬁl ddegx Index of Digital Rural County, 2020
Yy Village Management Digitalization Index
X1 Rural Population
X5 Urbanization Rate
X3 Rural Consumption
X4 R.u ral Resident Per Capita Income Gansu Development Yearbook, 2021
X5 Fixed Asset Investment - .

Independent . County Statistical Bulletin, 2020
X6 Gross Domestic Product (GDP) Work Report of County Government, 2021
Xy Secondary Industry Added Value ’
X3 Tertiary Industry Added Value
Xo GDP Per Capita
X10 Government Revenue

Spatial statistical analysis of the dependent variable data using GIS tools was con-
ducted to evaluate the development performance of digital villages in Gansu, and to
pro-vide a basis for method selection for driving mechanism analysis by spatial effect
detection. The dependent variable data came from the Peking University Open Research
Data Platform developed by Prof. Huang Jikun, Director of the Institute for New Rural
Development, Peking University, and Mr. Gao Hongbing, Director of AliResearch. By
importing the dependent and independent variables into GeoDetector, we explained the
driving mechanism of rural digitalization, including the direct influence and indirect
interaction effects of factors, and coupled the Development Index (the result of spatial
clustering analysis of the dependent variable) and Driving Index (the independent variable
based on the weighted sum of driving forces) through the GE matrix to spatially partition
the rural digitalization in Gansu and provide a basis for differentiated policy design.
Most of the independent variables are from the Gansu Development Yearbook, 2021, and
those missing are from the County Statistical Bulletin, 2020 and the Work Report of County
Government, 2021.

4. Results
4.1. Performance Evaluation and Spatial Effect

This section is mainly to answer the first question (what are the characteristics of the
development and discrepancy of digital villages in different regions?) and provide the basis
for the selection of driving mechanism analysis methods through spatial effect de-tection.
Based on the independent variables (village digitalization index, village facilities digitaliza-
tion index, village economy digitalization index and village management digitalization
index), the study area is classified into leader, follower and straggler types us-ing the
spatial clustering analysis tool to evaluate the development level of rural digitali-zation. In
addition, the spatial hotspot analysis tool is adopted to detect spatial autocorrelation. If
the independent variables are spatially heterogeneous and correlated, the spatial econo-
metric model rather than statistical regression methods should be chosen to analyze the
driving mechanisms.

4.1.1. Village Digitalization Index

Linxia had the largest village digitalization index, up to 68.14, while Luqu had the
smallest value of 32.72, less than half of the maximum. The average was 47.83, with
50.63% of counties above the average. Linxia, Liangzhou, Yongdeng, Dunhuang, Yuzhong,
Jingtai, Kangxian, Xifeng, Suzhou, Kongtong are leaders in the rural digitalization in
Gansu Province, dispersed in geographical distribution. It should be noted that the three
national pilots, Gaolan in Lanzhou City, Yumen in Jiuquan City and Gaotai in Zhangye
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City, are not leaders in digital countryside construction, so they need to leverage national
investment in future to accelerate development. Yongjing, Huixian, Weiyuan, Jingyuan,
Huating, Huining, Liangdang, Qinzhou, Hezuo, Xihe, Ningxian, Ganzhou, Jingning and
Gaotai are followers in the digital development of rural areas in Gansu Province, mostly
concentrated along the Yellow River and on both sides of the traffic arteries. Kangle,
Wenxian, Jishishan, Yumen, Zhangjiachuan, Zhuoni, Sunan, Diebu, Dongxiang, Akesai,
Mingin, Xiahe, Maqu and Luqu are stragglers in rural digitalization in Gansu Province, and
most of them are autonomous counties of ethnic minorities. The counties lagging behind in
the construction of digital villages are all concentrated in the provincial boundary of Gansu
Province, especially in the southwestern mountainous areas (Figure 6).
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Figure 6. Analysis on development and geographic pattern of village digitalization in Gansu.

By use of the spatial hotspot analysis tool, it can be seen that rural digitalization in
Gansu Province shows significant spatial agglomeration and correlation, and the geograph-
ical distribution of hot and cold counties shows a “center—periphery” spatial pattern.
Guazhou, Shandan, Tianzhu, Jintai, Pingchuan and Yuzhong are hot spot areas, mostly
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clustered in the provincial capital metropolitan area. Most of the counties of the sub-hot
type are concentrated in the periphery of the hot area and extend along the Yellow River
to the east and south of Gansu Province. Maqu, Luqu, Zhuoni, Diebu and Xiahe are cold
spot areas, all concentrated in the autonomous region of ethnic minorities in the southwest
of Gansu Province. About half of the counties of the sub-cold type are distributed in the
eastern periphery of the cold spot areas, and the other half are in the Hexi Corridor in
northern Gansu Province (Figure 7).
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Figure 7. Analysis on spatial effect of village digitalization in Gansu.

4.1.2. Village Facilities Digitalization Index

Linxia had the largest village facilities digitalization index, up to 96.06, while Maqu
had the smallest value, only 34.65, differing from the minimum by 2.77 times. The mean
value was 67.31, much higher than the village digitalization index, and 51.90% of counties
were above the mean. Linxia, Yongdeng, Chongxin, Dunhuang, Gaolan, Yuzhong, Lintao,
Liangdang and Honggu are leaders in the digital development of rural facilities in Gansu
Province, mostly clustered in the Lanzhou metropolitan area, Tianshui-Longnan metropoli-
tan area and the Hexi Corridor town belt in clusters. Suzhou, Xihe, Jingtai, Longxi, Huining,
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Jingchuan, Qingcheng, Lingtai, Yumen, Liangzhou, Guanghe, Zhuanglang, Zhengning,
Yongchang, Gangu and Qingshui are followers in the digital development of rural facilities,
forming four clusters in Dingxi, Jiayuguan, Qingyang and Wuwei. Zhangjiachuan, Mingin,
Linxia, Xiahe, Diebu, Dongxiang, Akesai, Luqu and Maqu are stragglers in the digital
development of rural facilities, mostly concentrated in the Gannan Tibetan Autonomous
Prefecture (Figure 6). In the national pilot project, Gaolan of Lanzhou City and Gaotai
of Zhangye City are leaders. In particular, Gaolan ranks fifth and has played a good
demonstration role. Yumen of Jiuquan City is a follower, ranking 42nd, and its village
facilities digitalization index is only 67.20, still below the average, with a big gap with the
predetermined target of the central and provincial governments.

The spatial pattern of cold and hot spots in the village facilities digitalization index in
Gansu Province is largely similar to that of the village digitalization index, differing only in
some local areas. Most of the hot counties are clustered in the Lanzhou metropolitan area,
largely the same as the village digitalization index, and the sub-hot counties are further
expanded in Tianshui and the Hexi Corridor. The cold counties are still clustered in the
Gannan Tibetan Autonomous Prefecture, but their geographical scope is shrinking, and the
counties in the northwest are now sub-cold counties.

4.1.3. Village Economy Digitalization Index

Liangzhou had the largest village economy digitalization index, up to 77.02, while
Zhuoni had the smallest value, only 27.29, differing from the minimum by 2.82 times. The
average was 36.21, and only 36.71% of counties were above the average. Only Liangzhou,
Linxia and Suzhou are leaders in the digital development of the rural economy, and all
national pilot counties are not included. Yuzhong, Jingtai, Weiyuan, Kongtong, Guanghe
and Yongdeng are followers in the digital development of the rural economy. They are scat-
tered in geographical distribution, mostly in Longnan and Longxi. Dongxiang, Hezheng,
Mingin, Zhangjiachuan, Guazhou, Sunan, Gaotai, Tanchang, Akesai, Maqu, Lintan, Diebu,
Zhouqu, Shandan, Yumen, Xiahe, Jinta, Wenxian and Zhuoni are stragglers, covering most
of Gansu Province.

Unlike the village digitalization index and the village facilities digitalization index,
the village economy digitalization index forms two hot and cold spot centers, respectively.
The big hot spot center is located in the Jinchang—-Wuwei metropolitan area, with sub-hot
counties expanding to Lanzhou. The small hot spot center is in the Qingyang-Pingliang
metropolitan area. The small and large hot spot centers are connected through the sub-hot
spot area. The large cold spot is located in the Gannan-Longnan region, while the sub-cold
spots are distributed in a band on its north side. The small cold spot center is located in the
Jiuquan-Zhangye region, distributed in a ring-like cluster.

4.1.4. Village Management Digitalization Index

Huanxian had the largest village management digitalization index up to 79.26, while
Luqu had the smallest at only 19.48, differing from the minimum by 4.07 times. The average
was 50.25, with less than half of the counties exceeding the average. Huanxian, Lintao,
Kangxian, Lixian, Huining, Guazhou, Dunhuang, Kongtong, Jingyuan, Tongwei, Longxi,
Yongchang and Qinan are leaders in the digital development of rural management in
Gansu Province, distributed in clusters in Longnan and in a finger cluster in the Dingxi-
Tianshui-Pingliang-Qingyang region. Pingchuan, Guanghe, Jingchuan, Minxian, Lintan,
Jingtai, Linxia, Yongdeng, Hezheng, Ningxian, Huixian, Yuzhong, Tianzhu, Zhangxian,
Huachi, Yongjing, Heshui and Gangu are followers in the digital development of rural
management in Gansu Province, distributed in clusters in the periphery of the leaders
and expanding to the Lanzhou-Baiyin integrated development area and the town belt
of the Hexi Corridor. Zhangjiachuan, Liangdang, Diebu, Zhuoni, Maqu, Yumen, Akesai,
Linze, Gaolan, Shandan, Sunan, Xiahe, Minqgin, Kangle and Luqu are stragglers in the
digital development of rural management in Gansu Province, clustered in the Gannan
Tibetan Autonomous Prefecture and the town belt of the Hexi Corridor (Figure 8). Gaotai
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of Zhangye City in the national pilot project ranks 14th (61.74), leading the digitalization
process of rural management in Gansu Province; however, Yumen of Jiuquan City, ranking
70th (34.69) and Gaolan of Lanzhou City, ranking 73rd (29.16), are both within the top 10 of
the bottoms, with insufficient demonstration and leading power for the region.
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Figure 8. Analysis on spatial zoning of village digitalization in Gansu.

The hot and sub-hot counties are concentrated in the Longnan-Tianshui-Pingliang—
Qingyang urban dense area in southeastern Gansu Province, forming a “center-periphery”
structure. With Gaotai, Linze, Suzhou, Yongchang, Liangzhou and Gulang counties as the
center and Mingin, Jinta, Yumen, Minle, Shanda, and Jingtai counties as the periphery, a
cold and sub-cold belt-like agglomeration area is formed in the Hexi Corridor. A cluster
agglomeration area of cold and sub-cold counties is formed in Sunan with Maqu, Luqu,
Xiahe and Diebu counties as the center and Zhuni, Hezuo, Kangle and Jishishan counties
as the periphery.

4.2. Influencing Factors and Impact Mechanism

This section addresses the second question (what factors have influenced the process of
digital and the intelligent development of the countryside?) by means of GeoDetector. With
the dependent and independent variables imported, the software outputs the g (X;) and g
(XiNX;) index values to represent the direct and indirect influence of the factor, respectively.
In addition, the software also outputs factor interaction types, including nonlinear weaken,
single nonlinear weaken, bifactor enhancement and nonlinear enhancement, which are
used to determine whether the factor interaction effect is antagonistic or synergistic.

4.2.1. Influence of Factors: Factor Detector

The mean value of the direct influence of the factors is 0.23 and the driving forces of
tertiary industry added value, government revenue, fixed asset investment, gross domestic
product and secondary industry added value are above the mean. The tertiary industry
added value is the most influential, followed by government revenue, far ahead of other
factors. Notably, the influence of Rural Resident Per Capita Income is very weak, the direct
influence of GDP Per Capita is insignificant (not statistically significant) and the direct
influence of Rural Population is only moderately statistically significant. The mean value
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of the direct influence of the factors is 0.24, and the driving forces of government revenue,
tertiary industry added value, secondary industry added value, gross domestic product
and fixed asset investment are above the mean. The largest direct influence is found in
government revenue while the smallest is found in GDP per capita and is not statistically
significant; rural population has a large influence but it is only moderately statistically
significant (Table 3).

Table 3. Factor detector of village digitalization in Gansu.

Indicator

Code

Y3

Y,

q

P

q

P

q

P

q

P

Rural Population

Urbanization Rate

Rural Consumption

Rural Resident Per Capita Income
Fixed Asset Investment

Gross Domestic Product
Secondary Industry Added Value
Tertiary Industry Added Value
GDP Per Capita

X3
X2
X3
Xy
X5
Xe

0.21
0.11
0.20
0.05
0.28
0.27
0.25
0.45
0.13

0.08
0.05
0.03
0.05
0.02
0.03
0.01
0.00
0.38

0.21
0.21
0.23
0.11
0.27
0.30
0.33
0.35
0.02

0.09
0.04
0.05
0.02
0.02
0.02
0.00
0.00
0.19

0.10
0.05
0.18
0.05
0.25
0.27
0.14
0.35
0.10

0.03
0.05
0.04
0.05
0.05
0.01
0.05
0.00
0.37

Government Revenue

0.39 0.00 0.37 0.00 0.33 0.01

0.24
0.00
0.08
0.05
0.29
0.32
0.02
0.35
0.10
0.07

0.04
0.60
0.02
0.35
0.02
0.01
0.19
0.00
0.03
0.07

The mean value of the direct influence of the factors is 0.18, and the driving forces of
tertiary industry added value, government revenue, gross domestic product, fixed asset
investment and rural consumption are above the mean. Both tertiary industry added value
and government revenue are far ahead in direct influence, while rural residents’ per capita
income and urbanization rate rank last. Note that the direct impact of GDP per capita is
weak and is not statistically significant. The mean value of the direct influence of the factors
is 0.15, and the driving forces of tertiary industry added value, gross domestic product,
fixed asset investment and rural population are above the mean. The direct influence of
tertiary industry added value is far ahead, while that of rural consumption is very weak
and nearly negligible. It is worth noting that government revenue is only moderately
statistically significant, while rural resident per capita income, secondary industry added
value and urbanization rate are not statistically significant with small direct influence (less
than 0.1).

4.2.2. Interaction of Factors: Interaction Detector

There is a significant synergy effect when different factors act together, manifested
as bifactor enhancement and nonlinear enhancement. The mean of the interaction effect
is 0.59 and 60.00% of the factor pairs are above the mean. In the interaction relationship,
82.22% of the 45 factor pairs show nonlinear enhancement, rural population, urbanization
rate, rural consumption, rural resident per capita income, GDP per capita and government
revenue as super interaction factors. It is important to note that the factor pairs of gross
domestic product N GDP per capita, rural population N government revenue, tertiary
industry added value N GDP per capita, tertiary industry added value N rural population
and tertiary industry added value N fixed asset investment rank in the top five for the
interaction effect (Table 4).

Table 4. Interaction detector of village digitalization index.

X1 X X3 Xy Xs X X7 Xs Xo

X0

0.21
0.50
0.66
0.41

0.11
0.58
0.13

0.20

0.27 0.05
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Table 4. Cont.

X1 X> X3 Xy X5 X6 X7 X3 X X10
X5 0.74 0.58 0.59 0.41 0.28
Xe 0.73 0.49 0.69 0.38 0.66 0.27
Xy 0.60 0.51 0.56 0.32 0.67 0.53 0.25
Xg 0.78 0.55 0.68 0.60 0.74 0.60 0.64 0.45
Xo 0.60 0.44 0.61 0.29 0.68 0.82 0.67 0.78 0.13
X10 0.80 0.51 0.66 0.47 0.69 0.70 0.68 0.64 0.68 0.39
Note: Italics represent non-linear enhancement of interaction effect, and bold represents the top five in all factor
pairs. Tables 5-7 have the same meaning.
The interaction relationships between different factors, super interaction factors and
the village digitalization index are largely the same, but there are some differences in
factor pair composition and their interaction effects. The mean of the interaction effect
is 0.60 and 57.78% of the factor pairs are above the mean. Of the 45 factor pairs, 84.44%
show an interaction relationship of nonlinear enhancement, including urbanization rate
M rural consumption, rural population N rural consumption, rural consumption N fixed
asset investment, rural population N government revenue, rural population N fixed asset
investment ranking the top five (Table 5).
Table 5. Interaction detector of village facilities digitalization index.
X1 X> X3 Xy X5 X6 X7 X3 X X10
X, 0.21
X3 0.68 0.21
X3 0.79 0.80 0.23
Xy 0.46 0.28 0.54 0.11
X5 0.75 0.75 0.78 0.56 0.27
Xe 0.73 0.73 0.71 0.55 0.62 0.30
X7 0.61 0.67 0.68 0.47 0.68 0.57 0.33
Xs 0.72 0.71 0.74 0.59 0.68 0.55 0.64 0.35
Xo 0.39 0.34 0.42 0.13 0.40 0.40 0.44 0.50 0.02
X10 0.77 0.66 0.70 0.57 0.68 0.67 0.63 0.64 0.50 0.37
The interaction between factor pairs is manifested as bifactor enhancement and non-
linear enhancement, while the latter decreases to 66.67%. The mean of the interaction
effect is 0.42 and 51.11% of the factor pairs are above the mean. Notably, rural population,
rural consumption, gross domestic product, tertiary industry added value and GDP per
capita are super interaction factors; fixed asset investment N tertiary industry added value,
tertiary industry added value N GDP per capita, fixed asset investment N government
revenue, GDP per capita N government revenue, fixed asset investment N gross domestic
product is among the top five in interaction force (Table 6).
Table 6. Interaction detector of village economy digitalization index.
X1 X5 X3 Xy X5 Xe X7 Xs Xy X10
X1 0.10
X3 0.25 0.05
X3 0.37 0.27 0.18
Xy 0.22 0.08 0.24 0.05
X5 0.47 0.29 0.55 0.30 0.25
X6 0.44 0.31 0.53 0.35 0.61 0.27
Xy 0.36 0.18 0.42 0.16 0.40 0.45 0.14
Xg 047 0.40 0.55 0.46 0.66 0.50 0.51 0.35
X9 0.29 0.23 0.53 0.23 0.58 0.60 0.40 0.65 0.10
X10 0.48 0.38 0.53 0.36 0.63 0.50 0.55 0.57 0.62 0.33
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The interaction relationships between different factors, super interaction factors, the
village digitalization index and village facilities digitalization index are largely the same,
but there are some differences in factor pair composition and their interaction effects. The
mean of the interaction effect is 0.38 and 57.78% of the factor pairs are above the mean. A
total of 86.67% of the factor pairs show nonlinear enhancement in the interaction, where
fixed asset investment N tertiary industry added value, rural population N tertiary industry
added value, rural population N fixed asset investment, rural population N gross domestic
product, fixed asset investment N gross domestic product rank in the top five in terms of
interaction power (Table 7).

Table 7. Interaction detector of village management digitalization index.

X1 Xz X3 X4 X5 Xe X7 Xs X9 X10
X, 0.24
X, 0.40 0.00
X3 0.37 0.12 0.08
Xy 0.50 0.17 0.18 0.05
X5 0.74 0.32 0.43 0.54 0.29
X 0.71 0.40 0.45 0.53 0.62 0.32
X7 0.35 0.09 0.09 0.14 0.35 0.39 0.02
Xs 0.74 0.40 0.45 0.52 0.76 0.59 0.40 0.35
Xo 0.43 0.16 0.23 0.23 0.55 0.51 0.23 0.50 0.10
X10 0.40 0.17 0.14 0.23 0.44 0.44 0.10 0.44 0.27 0.07
The indirect influence minus the direct influence allows for analysis of the net interac-
tion effect of factor pairs. The mean value of the net effect of all factors on the interaction
effect calculated represents the degree of synergistic enhancement of the factors. For ex-
ample, Rural Population has a direct influence of 0.21 on the village digitalization index,
and has an interactive influence of 0.50, 0.66, 0.41, 0.74, 0.73, 0.60, 0.78, 0.60 and 0.80 with
Urbanization Rate, Rural Consumption, Rural Resident Per Capita Income ... , Govern-
ment Revenue, respectively, and the net interaction effects are 0.29, 0.45, 0.2, 0.53, 0.52, 0.39,
0.57,0.39 and 0.59, with a mean of 0.43 (Table 8). For the Village Digitalization Index and
the Village Facilities Digitalization Index, there are significant differences in enhancement
of the interactive influence of factors, with GDP Per Capita, Rural Population, Rural Con-
sumption, Rural Population and Urbanization Rate stronger for the former, while Rural
Consumption, Rural Population and Urbanization Rate are stronger for the latter. For the
Village Economy Digitalization Index and Village Management Digitalization Index the
enhancement of all factors is relatively balanced.
Table 8. Average value of factor interaction effect net value.
Indicator Code Y1 Y, Y3 Yy
Rural Population X1 0.43 0.45 0.27 0.28
Urbanization Rate X7 0.37 0.41 0.21 0.24
Rural Consumption X3 0.39 0.45 0.26 0.20
Rural Resident Per Capita Income Xy 0.31 0.35 0.21 0.29
Fixed Asset Investment X5 0.36 0.38 0.25 0.24
Gross Domestic Product Xe 0.35 0.31 0.20 0.19
Secondary Industry Added Value Xz 0.32 0.27 0.24 0.22
Tertiary Industry Added Value Xg 0.22 0.30 0.18 0.18
GDP Per Capita Xo 0.49 0.37 0.36 0.25
Government Revenue X0 0.26 0.28 0.18 0.22

4.3. Management Zoning and Policy Design

This section deals with the third question (how to apply the analysis results to the
design process of digital rural development policy) using the GE matrix. To provide a
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quantitative basis for spatial planning zoning, the 79 counties in the province are classified
into nine sub-categories (combinations) and three categories by hierarchical classification
(quantile clustering) in the GE matrix, using the development index and the driving index
as the horizontal and vertical axes, respectively. According to the national and Gansu digital
village construction policies, differentiated policies are designed for the three categories of
planning zones based on the rural digital development needs of the study area.

4.3.1. Spatial Zoning Planning

As a backward and underdeveloped region with limited government and social
resources, Gansu should adopt an unbalanced development strategy in the initial stage of
rural digitalization. In addition, the analysis in Sections 3.1 and 3.2 shows that there are
significant spatial heterogeneity and correlation characteristics in the construction of digital
villages in the province. Therefore, spatial zoning should be delineated and differentiated
management policies should be designed to improve policy adaptability and regional
linkage. Gansu should, according to the development base, location conditions and resource
endowment of its counties, make scientific planning and the reasonable arrangement of key
tasks and projects of digital village construction by zoning and classification to promote
the process. Information technology facilities and services should be built according to
the development needs of rural areas, farmers and agriculture, while taking measures to
prevent image projects and wastefulness.

In this study, the policy partitions are delineated by the general matrix method, where
the horizontal coordinates are directly based on the analysis results in Figure 6, while
the vertical coordinates are weighted to calculate the driving index. The direct influence
(set to zero when not statistically significant) and the interactive influence are given the
same weight in the calculation. Tables 2 and 7 are summed up, and then the proportion
of each factor is calculated as the weight. Taking the village digitalization index as an
example, the direct and interactive influences of X;~Xj( are shown in the first column of
Tables 2 and 7, corresponding to the total influences of 0.64 (0.21 + 0.43), 0.48 (0.11 + 0.37),
..., 0.49 (0 + 0.49), 0.65 (0.39 + 0.26), with a sum of 5.72, corresponding to weights of 0.11
(0.64/5.72), 0.08 (0.48/5.72), ..., 0.09 (0.49/5.72) and 0.11 (0.65/5.72), respectively. For
each county, the weighted sum of all impact factors is calculated as the driving index,
and quantile clustering is performed for all counties in the study area. By interacting the
horizontal and vertical coordinates, all counties in the study area are classified into nine
subcategories (combinations) and three categories.

For the village digitalization index, the policy zoning is as follows: 14 counties are
in the leader-high (I) combination, i.e., Yongdeng, Yuzhong, Jingyuan, Huining, Qinzhou,
Liangzhou, Kongtong, Suzhou, Dunhuang, Xifeng, Huanxian, Longxi, Lintao, Linxia;
10 counties are in the high (II) combination, i.e., Honggu, Gaolan, Yongchang, Maiji,
Qinan, Ganzhou, Guazhou, Huachi, Anding, Wushan and Wudu; 3 counties are in the
straggler-high (III) combination, i.e., Pingchuan, Gangu and Yumen; 7 counties are in
the leader-medium (IV) combination, i.e., Jingtai, Minle, Huating, Chengxian, Huixian,
Yongjing and Hezuo; 10 counties are in the follower-medium (V) combination, i.e., Linze,
Gaotai, Zhuanglang, Jingning, Qingcheng, Heshui, Ningxian, Tongwei, Minxian and
Lixian; 9 counties are in the straggler-medium (VI) combination, i.e., Minqgin, Gulang,
Tianzhu, Sunan, Shandan, Jinta, Akesai and Zhenyuan; 6 counties are in the leader-low (VII)
combination, i.e., Chongxin, Weiyuan, Kangxian, Xihe, Liangdang and Guanghe; 6 counties
are in the follower-low (VIII) combination, i.e., Jingchuan, Lingtai, Zhangxian, Tanchang,
Lintan and Zhouqu; 14 counties are in the straggler-low (IX) combination, i.e., Qingshui,
Zhangjiachuan, Zhengning, Wenxian, Linxia-C, Kangle, Hezheng, Dongxiang, Jishishan,
Zhuoni, Diebu, Maqu, Luqu and Xiahe (Figure 8).

The analysis results of the village facilities digitalization index, village economy digi-
talization index and village management digitalization index are shown in Figures 9-11
(where the images are self-explanatory, and they are not described in detail here so as to con-
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trol space), which are important references for the planning, design, policy, programming
and implementation of digital village construction.
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Figure 9. Analysis on spatial zoning of village facilities digitalization in Gansu.
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Figure 10. Analysis on spatial zoning of village economy digitalization in Gansu.
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Figure 11. Analysis on spatial zoning of village management digitalization in Gansu.

4.3.2. Differentiation Policy Design

1.  Important Demonstration Zoning: Shaping Leadership

The development index and the driving index of rural digitalization in this type of
policy area are both high with strong competitive power and attractive power in Gansu.
With a promising development and high regional status, they are the priority and focus
regions for investment. They should adopt an expansion strategy in the future and try to
grow into the leaders of rural digitalization in the province. First, the Gansu provincial
government and municipal governments should give more preference to the counties
within the policy area in allocating funds, capital and resources for rural digitalization.
Second, all counties in this policy area should, in accordance with the people-oriented
and bold innovation idea, give full play to the main role of farmers to stimulate the
enthusiasm, initiative and creativity of farmers, so that the majority of farmers become
participants and beneficiaries of the construction of the digital countryside. They should
further boost the passion for digital development of agricultural enterprises in terms of the
goal of agricultural and rural modernization, help and encourage farmers and agricultural
enterprises to apply the new generation of information technology, cultivate new business
forms and new models of the rural digital economy and drive the overall innovation of
the rural development system, mechanism and model. Third, the counties within this
policy area should have a sense of responsibility and mission to develop standards for the
construction of digital villages in Gansu. It is necessary to develop guidelines or norms
for digital rural construction in Gansu based on its own development stage and actual
conditions as well as the experience of other provinces. Fourth, it is necessary to guide
Gansu to establish early a dynamic monitoring mechanism for the development of digital
villages, strengthen the management and supervision of the implementation process and
carry out evaluation and guidance for the construction of digital villages.

Of note is that in the process of implementing the expansion strategy, the strategic focus
of digital village construction is not exactly the same for counties in the three combinations
of I, I and IV. The counties in Combination I should adopt an overall leading development
strategy and enjoy priority in capital and resource allocation to promote their long-term
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leadership in the rural digitalization of Gansu. The counties in Combination II should
adopt a model development strategy and increase overall investment to prompt them to
become specialized or all-round emerging leaders in the rural digitalization of Gansu. For
counties in Combination IV, a strategy of expansion in a dominant segment should be
adopted, and according to the results of the analysis in Figures 9-11, increased investment
should be made in a certain dominant segment to maintain the position. In general,
a digital countryside development model that matches the knowledge structure of the
rural population should be established for the three combinations to promote information
construction in fields such as rural economy, politics, culture, society, ecological civilization
and party construction as a whole, to help revitalize the countryside and move forward
the construction of “digital Gansu” by creating a digital countryside brand and image of
Gansu as an endorsement pilot.

2. Characteristic Exploration Zoning: Highlight Specialty

Since the development index and driving index of rural digitalization in this policy
area are at a midpoint, limited funds, capital and resources should be invested in spe-
cialized and characteristic fields for the needs of rural areas, farmers and agricultural
development in the future. First, Figures 8-11 are overlaid for analysis to determine the
areas of strength for each county in the policy area. Second, a development strategy suitable
for specialization, stabilization and transformation is determined based on their resources
and conditions. It should be noted that transformation can be considered as a special type
of specialized development strategy. Specialization requires establishing strengths and
further focusing on their advantages, while transformation requires making up for weak-
nesses and overcoming the shackles and constraints of weaknesses on the development of
strengths.

Gangu and Kangxian should adopt a stabilization strategy because they have the
same combination of facilities, economy and management digitalization index and a
very balanced development in all areas. Pingchuan, Yumen, Linze, Gaotai, Zhuanglang,
Jingning, Qingcheng, Heshui, Ningxian, Tongwei, Minxian, Lixian and Chongxin should
adopt a specialization strategy. For example, for Zhuanglang and Jingning, their village
digitalization indexes are in Combination V, their facilities digitalization indexes are in
Combinations V and VI, their economy digitalization indexes are in Combination IV
and their management digitalization indexes are in Combinations VI and V, respectively.
Obviously, they have significant advantages in the field of rural economy digitalization and
a specialization strategy should be adopted for them to further highlight their advantages
and shape their own characteristics in the future. Weiyuan, Xihe, Liangdang and Guanghe
should adopt a transformation strategy as they have significant lagging areas and no
prominent areas of strength. In Liangdang, for example, there is no prominent strength
with the village digitalization index and facilities digitalization index in Combination VII,
and a serous lag with the economy and management digitalization index in Combination
IX. Therefore, if additional investments are made in infrastructure informationization in
the future, it is probable that the returns will hardly achieve the expected goals, and it is
recommended to shift future investments of funds, capital and resources to the areas of
economic and managerial digitization that are seriously lagging behind to eliminate their
constraints on the development of facilities and overall digitization.

For specialization and transformation development, targeted strategies should be
adopted to rapidly expand the strengths or make up for the weaknesses. For example, in
the development of the digital economy relying on the agricultural products of Taobao
Village, live streaming village and Internet celebrity, it is necessary to deepen e-commerce
into the countryside, unblock the channel of industrial products to the countryside and
promote the online purchase of daily necessities, agricultural materials and tools, the
production and operation services of rural residents, besides efforts to promote the sale
of agricultural products online and accelerate the construction of logistics facilities for
processing, packaging, cold chain transport, storage and delivery to cities of agricultural
products. For example, when relying on the digital platform for village self-governance, it
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is required to carry forward the practice of villagers’ online deliberations and online super-
vision, promote more village high-frequency government affairs and villagers’ services to
be performed online and by cell phone, and establish electronic ledgers for village assets
and finances.

3. Moderate Development Zoning: Enhancing Foundation

Since the policy area has a low competitive power and attractive power of rural digital
development, a smart contraction strategy should be adopted to improve the efficiency of
capital and resource utilization. For Qingshui, Zhangjiachuan, Zhengning, Wenxian and
other counties in Combination IX, it is difficult to change their current status in the short
term due to their low level of development and weak power. They should make good use
of policy and transfer funds from higher level governments in the future according to the
basic needs of national and local (provincial and municipal) governments to accelerate
the pace of the digital transformation of rural infrastructure and enhance the foundation
and capacity of digital rural construction. For example, they should improve the survey
and statistics of the basic data of rural roads and update electronic maps regularly to raise
the level of informationization of comprehensive supervision of rural roads. Moreover,
they should accelerate the digital transformation of rural power grids and implement
rural power grid consolidation and upgrading projects to make up for and strengthen the
weaknesses of rural power grids.

Wushan, Mingin, Gulang, Tianzhu, Shandan and other counties in Combination VI
should implement differentiated development strategies and concentrate their limited
resources. For example, Tianzhu has a very low index of facilities and management
digitalization (the former in Combination VI and the latter in Combination V), but it
has a high economy digitalization index (in Combination IV) with a high potential and
strong driving force for digital economy development, so it should concentrate its limited
resources into digital economy development in the future. For example, it should accelerate
the development of e-commerce for agricultural products and agricultural supplies and
its supporting system, preferably by planning and creating a number of Taobao Villages,
live-streaming villages and Internet celebrity agricultural products. Jingchuan, Lingtai,
Zhangxian, Tanchang, Lintan and Zhouqu, counties in Combination VIII, should implement
an appropriate development strategy. For example, Zhouqu, located in an autonomous
region of ethnic minorities and a high mountain valley area, has a complex topography,
frequent natural disasters and lagging economic development. Zhouqu currently has a very
low index of facilities (in Combination IX), economy (in Combination IX) and management
(in Combination VII) digitalization. Zhouqu should control the quantity and distribution
of digital countryside investments around national policies and local characteristics in the
future and make clever use of limited resources to ensure that it does not fall behind in the
wave of rural digitalization in Gansu. For example, it should respond to national policy
requirements to overcome school networking difficulties, optimize the construction of
education information technology infrastructure, achieve full broadband network coverage
in rural elementary schools and township primary and secondary boarding schools and
promote the full popularization of online teaching in all schools across the county. Moreover,
it should explore the regional and humanistic characteristics of Zhouqu, organize the
census of Tibetan cultural resources, the protection and utilization of traditional villages
and historical and cultural towns, the digitalization of intangible cultural heritage and
explore the construction of a “digital cultural relics resource library”, “digital exhibition
hall”, “intelligent cultural station” and “digital bookstore”.

5. Discussion
5.1. Development Characteristics

The development of the digital countryside in Gansu Province is characterized by
prominent inequalities, with significant clustering and correlation features. Geographically,
the level of digital development in rural Gansu Province varies widely in space and
shows significant imbalance. The digital development of rural villages in ethnic minority
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autonomous regions is seriously lagging behind, and the leading and demonstration role
of the national pilot counties remains to be enhanced. From the perspective of fields, the
construction of the digital countryside in Gansu Province is not synchronized in different
dimensions. For example, the digital infrastructure is in a leading position, while the
development of the digital economy is lagging behind. In terms of spatial effects, cold
and hot spots are distributed in bands or clusters, forming a “center-periphery” spatial
structure and pattern geographically.

The development of digital villages and smart villages is currently on the rise, and
multi-scale studies at national, provincial and county levels are constantly emerging. Al-
though it lags behind the development of digital cities and smart cities [82,83], it has become
a new hot spot in academia, government and society [84,85]. The unequal development
process of rural digitalization is a universal phenomenon due to the large differences in
development environment, resource conditions, investment and support, start-up time
and construction mode in different regions [86,87]. As more new generation information
technologies such as Internet, big data and cloud computing have been applied to the con-
struction of digital villages and new rural infrastructure in recent years, digital, networked,
intelligent and smart rural development has accelerated significantly, narrowing the digital
divide between urban and rural areas. For example, the use of the Beidou System and
artificial intelligence for the scientific management of crops can improve management
efficiency; furthermore, with the help of two-dimensional code technology, we can achieve
the full traceability of agricultural products from the field to the table, and with the help of
e-commerce and live broadcast platforms we can improve the sales numbers of agricultural
products and enlarge geographical sales scope.

Some of the findings of this paper corroborate the study conclusions available. At the
national scale, Rey-Alvite [88] found through an empirical study of 28 EU countries that
there are large differences in smart village development goals, needs, current progress and
characteristics, and that there is still a long way to go for a balanced development of digital
and smart villages. Li [89] analyzed the opportunities and challenges facing the digital
development of infrastructure and public services in rural America and proposed strategies
for narrowing the smart divide in rural areas. At the provincial scale, Adamowicz [90]
found through the empirical study of the provinces of Poland that there are large inter-
provincial differences in the development of smart villages and that some provinces are
already at risk of being marginalized. Zhu [91] conducted an empirical test on the level
of digital rural development in China’s provinces and found that there are very large
regional differences and spatial autocorrelations, forming a decreasing spatial pattern of
“east-middle-west”.

Although this study is based on the county scale, its conclusions are generally con-
sistent with their analysis results. Besides the difference in research scales, this paper
further decomposes the village digitalization index into a village facilities digitalization
index, village economy digitalization index and village management digitalization index.
It also grades and partitions the level of digital development of villages, which significantly
improves the fineness and accuracy of the study and is more valuable for the theoretical
evolution and practical development of digital villages and smart villages.

5.2. Dynamic Analysis

In terms of the range of direct influence of the factors, rural consumption, fixed asset
investment, gross domestic product and tertiary industry added value are all-purpose
factors, and they have significant influence on the digital rural development index in all
dimensions. Rural population and government revenue are also all-purpose factors, but
the former has only moderate statistical significance on the village digitalization index and
village facilities digitalization index, and the latter has only moderate statistical significance
on the village management digitalization index. Urbanization rate, rural resident per
capita income and secondary industry added value are multifunctional factors, which have
significant influence on the village digitalization index, village facilities digitalization index
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and village economy digitalization index, but not on the village management digitalization
index. Gross domestic product per capita is a single function factor and has no significant
influence on all dependent variables except for the village management digitalization
index.

As for the intensity of the direct influence of the factors, the factors can be classified
into three categories by overlay analysis of multiple dimensions. With index q that is not
statistically significant set to zero, the average of multiple dimensions of the digital rural
development index is calculated and ranked according to their direct impact. Tertiary
industry added value, gross domestic product and government revenue all have a direct
influence close to or above 0.3, and they are key factors. Urbanization rate, rural resident per
capita income and GDP per capita all have a direct influence less than 0.1, mostly negligible,
and they are auxiliary factors. Fixed asset investment, rural population, secondary industry
added value and rural consumption have a direct influence between the key factor and the
secondary factor, and they are important factors.

The interaction of factor pairs is dominated by nonlinear enhancement and supple-
mented by bifactor enhancement. The synergistic effects of the factor driving mechanism
are very complex. In addition to the auxiliary factors such as urbanization rate, rural
resident per capita income and GDP per capita, which mainly rely on interaction effects to
exert indirect influence, the interaction effects of key and important factors such as tertiary
industry added value and secondary industry added value should also not be ignored. The
factors such as tertiary industry added value, rural population, urbanization rate, rural
consumption, rural resident per capita income, GDP per capita and government revenue
play the role of super-interaction factors in different dimensions of rural digitalization.
The interactive influence between factors cannot be ignored, even for factors with weak
direct influence, because it reaches 1-4 times the direct influence in combination with the
interactive influence of synergistic factor pairs. Therefore, to achieve the best results in
policy implementation, different resources and measures should be matched and combined
according to the interaction of factor pairs in the future policy design.

This paper is original in its study of the factors influencing rural digital development
and their interactive effects, and some of the aforementioned views are supported by some
scholarly papers. According to the global samples (non-China), Chinn [92] argued that per
capita income, international trade, urbanization rate, infrastructure, regulatory quality and
other economic and social indicators are the determinants of national digital development
differences. Park [93] analyzed the characteristics of digital inequality in rural Australia and
argued that factors such as population, education level and employment status exacerbate
the digital divide in rural development. They found that farmers’ income, urbanization
rate and rural population have a great influence on the construction of digital villages,
which is largely similar to the findings of this paper. However, their study is at the national
scale and does not match the needs of local government policy design. Moreover, there is
no sufficient discussion on whether the forces of these factors are influenced by scale effects
and whether it also applies to the county scale prior to this study.

In the empirical study of China, Ma [94] and Leng [95], at the national scale, con-
cluded that government credit support and farmers’ income growth have a significant
positive impact on the adoption of digital technologies for rural development. Li [96] found
significant spatial heterogeneity, agglomeration and correlation in digital rural develop-
ment at the provincial scale in China, with population density, industrial structure and
economic development having a significant influence on them. Zhao [97] argued that the
development of digital villages in Chinese counties significantly contributes to farmers’
household consumption. Su [98], based on micro-survey data from national digital village
pilot counties in Sichuan, Chongging and Ningxia, found that farmers in less economically
developed and poverty-stricken areas have a low willingness to build digital villages, with
lagged participation rates in rural digitalization. Zhang [99] found a significant positive
mediating effect of farmers’ income on digital village development based on a survey of
164 administrative villages in Zhejiang Province. Despite the differences in research scale
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and sample geography, government support, farmers’ income, economic base, industrial
structure and demographic characteristics are found to have a general influence on the
construction of digital villages in China.

5.3. Governance Enlightenment

In the context of the current new wave of technological revolution, rural areas should
not be left behind in digitalization, urbanization, industrialization and agricultural mod-
ernization [100]. Given that it has become a consensus that digitalization and intelligence
are the key ways to achieve sustainable development in rural areas [101], the government
should strengthen top-level design and planning guidance by developing proper work pro-
grams and action plans. In terms of government management and policy design, Gansu’s
experience has reference value for other provinces in China and other countries in the
world. The national digital village development strategy requires the government of Gansu
to develop a digital village construction work plan for the province, and the city and
county governments to develop digital village construction action plans at the county level
according to demand. The provincial government should set provincial digital village pilot
counties in all prefecture-level cities according to the level of digital development of villages
in the work program and action plan. Depending on the resource base and development
needs, each prefecture-level city should have two to five counties. In addition, each county
should select two to three towns or three to five villages in the administrative region as
county-level pilot areas for the fine implementation of the work. In addition, efforts should
be made to formulate differentiated policies for different types of villages such as those
clustered and upgraded, integrated with suburban areas, under characteristic protection
and relocated and merged, in strict accordance with the rural revitalization strategy and
the development support strategy for ethnic minority areas in the pilot selection, with full
consideration of the influence and interaction of different factors to accelerate the overall
development of rural digitalization in Gansu Province.

It is important to note that the digital development capacity and potential of differ-
ent regions vary widely [102], so zoning plans should be developed and implemented
according to the level of development and its driving mechanisms to effectively improve
policy precision and effectiveness [103]. First, the important demonstration zoning counties
should maintain their current development trend and promote the interactive construction
of digital villages, digital cities and smart cities [104]. Second, the characteristic exploration
zoning counties should find the bottleneck of digital rural development, develop special
measures to drive digital facilities, digital economy, digital management and digital life,
and try to improve the quality of digital development. There are also many problems for the
better developed areas of economic and managerial digitization. For example, the county
government tends to implement a unified digital platform in all villages, while the villages
are passively “involved” or “participate” in the process, with a variety of the platform
functions contrary to the actual needs of rural development [105]. Therefore, it is necessary
to investigate and analyze villagers” demands and interest gambling in the future and
comprehensively optimize and enhance the functions of rural digital platforms accordingly
to improve the speed and quality of rural digital governance and digital economy devel-
opment [106,107]. Third, the moderate development zoning counties are priority areas
for government intervention, especially the minority autonomous regions. Undeveloped
infrastructure, insufficient human resources and the lack of diverse industrial structures
pose great challenges the construction of digital villages in ethnic minority agglomerations,
requiring both the central and local governments to increase investment and support to
minority communities and autonomous regions in the future [108]. More economically
underdeveloped places have slower rural digitalization processes, and lower levels of digi-
talization will lead to further marginalization. Digital villages and economic development
may form a vicious circle [109]. Therefore, for these counties with weak self-generating
capacity, especially poverty alleviation or poverty return prevention, the construction of
digital villages should be combined with economic development and a focus on the digital-
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ization of infrastructure, industry and consumption to put the development of villages in a
virtuous cycle [110].

6. Conclusions

With the development of urbanization, global rural construction is faced with severe
challenges such as population loss, economic depression, facility and building decay, eco-
logical and environmental pollution. Rural digitalization is a new means to deal with these
problems and is also the key to rural transformation and sustainable development [109].
In this paper, based on the case study of 79 counties in the Gansu Province of China, we
analyze the level of digital development of rural areas in less developed regions of the
country and its driving mechanism based on a combination of GIS tools and GeoDetector.
The conclusions are presented as below:

(1) In view of the uneven development of rural digitalization, differentiated policies
should be developed in accordance with zoning planning and spatial governance. By
regional heterogeneity, the 79 counties are divided into leader, follower and straggler levels
according to the gap of the digital rural development index among different counties. By
domain heterogeneity, the development of digital applications in different dimensions is
out of sync, with the village facilities digitalization index in the leading position, the village
management digitalization index in the middle and the village economy digitalization
index lagging behind.

(2) Due to the significant spatial agglomeration in the development of digital villages,
the government should strengthen top-level design while insisting on regional linkage
and joint governance. Rural digitalization shows characteristics of spatial correlation and
spillover to the periphery. The hot, sub-hot, cold and sub-cold regions are distributed in
bands or clusters, forming a spatial pattern of “center-periphery”.

(3) The direct influence of different factors varies greatly, and the factor pair driving
mechanism is complex. From the perspective of the scope of action, they can be divided
into all-purpose factors (e.g., gross domestic product), multifunction factors (e.g., secondary
industry added value) and single-function factors (e.g., GDP per capita); from the per-
spective of intensity of action, they can be divided into key factors (e.g., tertiary industry
added value), important factors (e.g., rural population) and auxiliary factors (e.g., urban-
ization rate). The factor pair interactions are dominated by nonlinear enhancement and
supplemented by bifactor enhancement, with very complex synergistic effects and driving
mechanisms. Therefore, efforts should be made to drive the rational combination of dif-
ferent resources and measures in future policy design based on the direct influence and
interaction of factors.

The biggest innovation in this paper is the systematic analysis of the factors influencing
rural digitization and reveals the interaction between different factors. This study focuses
on the county scale and further decomposes the village digitalization index into three
sub-indexes to provide more granular analysis. The digitalization of villages is a new trend
in global development, and the research methods and analysis results of this paper are
applicable not only to China but also to similar countries around the world. As mentioned
above, the United States, the United Kingdom, Romania, India, Australia and the European
Union all face challenges similar to China’s in rural development, such as stagnant or
regressive rural development and population loss. These countries and regions are now
working to explore and experiment with a variety of solutions using digital tools to leverage
sustainable rural development, and this paper will provide a valuable reference for them.

This paper also has some limitations, such as the use of cross-sectional data in the
study. Although Peking University released data for both 2018 and 2020, differences in the
index system for calculating the index in different years as well as significant missing data
for the study area in 2018 (excluding data for municipal districts) resulted in the inability to
conduct panel analysis, which may affect the accuracy of the analysis results. Regardless,
this paper has taken the first step to explore the driving mechanism of rural digitalization,
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which will be of great benefit to the future emergence of high-quality theoretical research
and practical solutions.
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Abstract: Urban green space is an essential form of infrastructure for cities, providing a significant
spatial guarantee for sustainable urban development, an essential ecological, social, and cultural
function, and an important symbol of urban modernisation and civilisation. However, with the
development of cities, urban problems are becoming more serious, such as the increase in impervious
surfaces and urban heat islands and the decrease in urban green space and liveability. Therefore,
this study integrates the theories and methods of landscape ecology and spatial syntax with GIS
technology to construct a comprehensive model for examining the spatial accessibility of green
spaces based on remote images and landscape pattern indices, using Fuzhou City as the study area.
The study then incorporates demographic variables to explore the characteristics of an equitable
distribution of urban green space at the street scale. The results show that the accessibility of green
space in the urban areas of Fuzhou decreases from the centre to the periphery. From north to
south, there is a trend of ‘low-high-low’, with the northern region exhibiting the lowest accessibility,
followed by the southeastern region, and then the western region. In terms of spatial equity in green
space, Fuzhou has a more significant share of surplus green space provision, both in terms of the
number of streets and area. This shows that the surplus of green space in Fuzhou is greater than the
deficit and that the distribution of space is fair. We hope this study will not only help people gain
a deeper understanding of green space but also provide a reference for their rational planning and
management, thereby improving the accessibility and equity of urban green space as well as their
quality and configuration. We also expect it to provide valuable theoretical and technical support for
the planning of ecological functions and sustainable development.

Keywords: green space; accessibility; equity; landscape pattern; remote sensing

1. Introduction

Urban green space is open space in cities used as parks or other green spaces [1] and
defined by the World Health Organization as “urban land with any vegetation cover’ [2],
which may be accompanied by artificial features such as playgrounds, blue spaces (water),
or natural landscapes [3]. Urban green spaces are sometimes used as private or institutional
land for university campuses, community gardens, etc., but are generally open to the public.
State parks and national parks located outside urban areas do not belong to urban green
spaces. The concept of “rus in urbe” (country in the city), which refers to the integration
of green spaces into urban planning, dates back to ancient Rome in the first century [4,5].
Modern urban green spaces can be traced back to the urban squares of London in the 17th
and 18th centuries [6]. Urban green spaces can reduce surface runoff and the heat island
effect [7], reduce air pollution, and positively impact the physiological and psychological
well-being of residents in surrounding communities [8,9]. Urban green space guarantees
human survival and ecological balance and allows urban residents to enjoy the services of
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their natural ecosystems. Historically, neighborhoods dominated by disadvantaged groups
have tended to lack green spaces, due to policies (such as the redlining policy in past US
housing policies) and economic inequalities [10]. In recent years, green space planning
has begun to emphasize environmental justice and community participation [11]. Clearing
pollution and adding green spaces can increase the value of surrounding homes, known
as environmental gentrification [12], but this process may also have negative impacts by
forcing disadvantaged groups to relocate due to being unable to afford the rising housing
prices [13,14]. Among the seventeen Sustainable Development Goals designated by the
United Nations [15], goals eight, nine, and eleven refer to “promoting inclusive and sus-
tainable economic growth, a good job for everyone, resilient infrastructure, and inclusive
and sustainable cities and human settlements”. Sustainable development, however, can
only be achieved if cities provide ecosystem services through ‘green public space” and
coexist in ecological harmony. Furthermore, Section 11.7 states that “by 2030, the provision
of safe, inclusive, and accessible green and public space should be universal, especially for
women, children, the elderly and people with disabilities”. The World Health Organiza-
tion’s Healthy Cities Programme, launched in 1986, includes green coverage and green
space accessibility among the 32 quantifiable indicators developed in collaboration with
European metropolises to assess the effectiveness of promoting healthy cities [2,16]. With
the intensification of urban environmental problems, improving the urban environment by
introducing green space has become an effective and standard measure [17,18]. However,
the distribution of urban green space is often uneven because of design concepts, historical
reasons, and other factors [19,20]. Numerous studies have confirmed the importance of
urban green space for the health of residents. Chen (2017) analysed 42 urban green space
studies, and they concluded that urban green space affects the health of urban residents by
improving environmental conditions (air quality, noise, and visual aesthetics), promoting
outdoor activities (fitness and social activities), and enhancing social cohesion (neighbour-
hood satisfaction, sense of security, and sense of belonging or psychological well-being).
Studies have also shown that the more parks and green spaces near homes and the more
frequently people use them, the better their self-rated health status [21].

The concept of accessibility first emerged in the transportation field. Hansen [22]
proposed that accessibility refers to the ease of travel from an origin to a destination using a
specific mode of transportation. Accessibility has been studied and applied in various fields,
such as behavioral research, resource allocation, and economics. It has also been introduced
to urban planning, geographic information systems, and public administration disciplines.
There is no accepted definition of accessibility, as scholars have defined the concept using
various research fields and perspectives. Some scholars believe that accessibility is the
cost individuals incur when participating in social activities, such as traffic congestion and
environmental pollution. Others perceive accessibility as the expected quantity of arriving
at a destination for activities such as leisure, consumption, and exercise, explaining the
relationship between land use and the ease or difficulty of reaching a destination. Other
scholars define accessibility as the degree of difficulty in reaching a particular land use in a
city. Kongjian Yu [23] believes that accessibility is the relative ease of reaching a landscape
destination from a spatial point and uses indicators such as time, distance, and cost to
calculate this. Accessibility of green space refers to the ease of reaching a park or green
space from a residential area by overcoming spatial barriers while considering the cost,
time, and distance of transportation. Mullick argues that the progressively increasing
numbers of elderly and disabled people place an increased demand on the accessibility of
green space in the U.S. The article argues for several important aspects related to equitable
access and the impact of human interference on wilderness, highlighting the need for more
effective government policies to maintain the integrity of the natural environment [24]. Oh
and Jeong conducted a study on the walkability of streets to urban parks and the suitability
of parks with the help of GIS technology, using Seoul as an example [25]. Alexis Comber
et al. used the network analysis function of GIS to study green space in the British city of
Leicester and concluded that the accessibility of different religious and ethnic groups can
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be used as part of the criteria and reference for the provision of green space services by the
British government in the future [26].

The concept of equity originated in the western social sciences. It was later applied
in urban planning to consider the optimal state of public social services and resource
allocation, and this concept has been developed and revised. For example, Kabisch used
the Lorenz curve and Gini coefficient to compare the equity of public green space for
all residents, immigrants, and adults over 65 years old in Berlin, Germany, and found
that the equity of green space for immigrants was the lowest [27]. Jin Y. applied the
Lorenz curve to study the equity of green space in terms of quantity but not the equity
of green space per capita [28]. The Lorenz curve and Gini coefficient were eventually
established as the UN standard to quantify the equity of green space per capita and to judge
the equity of green space distribution by the UN standard based on the Gini coefficient
of per capita income. Currently, the distinction between the concepts of accessibility
and equity is not clear, and evaluations of urban parks and green spaces often focus on
accessibility, with less research on equity. Equity in park and green space distribution
is a concept derived from accessibility, incorporating the needs of green space users to
determine whether the distribution of green space satisfies the needs of residents in a fair
manner. It has strong socioeconomic characteristics and is closely related to the spatial
distribution and demographic structure of the population. Research on park and green
space equity in foreign countries has focused on exploring fairness and justice among
different social groups. This study aims to address the limitations of research on green
space equity that only considers single social factors, as well as the limited research on green
space equity. We develop a supply-demand model of green space accessibility relative to
population composition, gender, age, and ethnicity to explore the equity of urban green
space distribution.

In recent years, China has experienced rapid socioeconomic development. However,
urban problems have also become increasingly severe, with an increase in impervious areas
and urban heat islands and a decrease in urban green space and liveabilityUrban green
space positively impacts the urban environment, can alleviate ecological and environmental
problems brought on by urban development, and is a public urban space that cannot be
ignored in urban construction. Considering the historical pattern of urban development,
high population diversity, and explosive urbanisation rate, the accessibility of green space
has also become a vital issue for environmental equity in Chinese cities [29,30]. Especially in
recent years, China has proposed the construction of “Beautiful Mainland China, Ecological
Cities”, and the liveability of the urban environment has gradually become a topic of
concern for government departments, scholars, and the general public.

In summary, this study examines the problems of urban green space and people’s
demand for green space. By using spatial and statistical analysis, we establish a framework
for assessing the equity and accessibility of green space in urban areas and analyse the
distribution of accessibility and equity in Fuzhou City, which can be applied to future
spatial planning and design.

2. Materials and Methods
2.1. Study Area
2.1.1. Geographical Location

Fuzhou City is located on the southeast edge of the Eurasian continent, on the south-
east coast of China and at the mouth of the Min River in the east-central part of Fujian
Province. It is located between latitudes 25°15" and 26°29’ north and longitudes 118°08’
and 120°31’ east, bordered by Nanping and Sanming to the west, Ningde to the north,
Putian to the south, and the East China Sea to the east. In this study, Fuzhou City was
chosen as the target, including six districts: Gulou, Taijiang, Cangshan, Jinan, Mawei, and
Changle, with 65 streets. The area is 1754.62 km?, and the household population is 3,095,000
(Figure 1).

158



Land 2023, 12, 766

(b)

Figure 1. Geographic location of Fuzhou City and study area: (a) Fuzhou City location map;
(b) Fuzhou City study area.

2.1.2. Natural Environment

Fuzhou City is on the southeast edge of the Eurasian continent and faces the Pacific
Ocean to the east. It has a typical subtropical monsoon climate. In this city, there have been
many meteorological disasters closely related to the construction of green space systems
in Fuzhou'’s urban climate, including typhoons, heavy rain and floods, cold waves, late
frosts, and strong convective weather. Fuzhou City is susceptible to typhoons between
May and November each year; heavy winds and rain often cause garden trees to fall or
break, causing significant damage to the urban green spaces. Fuzhou City has established
several protective forest belts in coastal areas; however, effective protective forest belts
have not yet been built around the central city. Heavy rain and flooding have greatly
damaged the riverside green space on both banks of the Minjiang and Wulong rivers. In
addition, landslides associated with typhoons damage suburban forests, and long-term
waterlogging can lead to the suffocation and death of some garden trees. Cold waves also
threaten tropical and subtropical ornamental trees in Fuzhou’s urban green space. Late
frosts and strong convective weather can also significantly impact garden plants.

2.1.3. Vegetation Status

Fuzhou belongs to two vegetation zones: the South Asian tropical rainforest and the
Central Asian subtropical evergreen broad-leaved forest. Influenced by various natural
conditions, the vegetation types are complex, and there are many plant species. According
to the plan, by 2020, the main indicators for urban landscaping in Fuzhou will be a green
coverage rate of 42.25%, a greening coverage rate of 45.41%, a per capita park green space
of 15.4 square meters, and a significant improvement in the ranking of per capita park
green space. All construction indicators will meet the requirements for the creation of a
“National Ecological Garden City”.

2.2. Research Framework

This study focuses on Fuzhou City as the research subject, using data from remote
sensing images, OpenStreetMap (OSM), and demographic variables. GIS and space syntax
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methods were used to investigate the distribution of green space accessibility and equity in
Fuzhou City. The study has roughly four parts (Figure 2).
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Figure 2. Research Framework.

The first part is based on road data, which is the starting point for analysing the
integration and accessibility of urban areas in Fuzhou City and their range of accessibility.

The second part is based on remote sensing images, calculating the green space
landscape pattern index, and extracting the landscape pattern index factors through
factor analysis.

The third part examines the spatial accessibility of green space in urban areas of
Fuzhou City based on integration, the landscape pattern index, and the green space
accessibility area.

The fourth part examines the spatial equity of green space in the urban areas of Fuzhou
City based on demographic variables.
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2.3. Data Sources
2.3.1. Remote Sensing Images

The remote sensing image data for this study were mainly obtained from the Landsat
series of telemetry satellites, which provide a large amount of image data that can be
used in various fields, such as natural resource exploitation, natural disaster prevention,
environmental pollution monitoring, and natural plant growth observation. In addition
to the spatial resolution band of 30 m, the panchromatic band with a spatial resolution of
15 m is added to the Operational Lan Imager (OLI) images. The Hue, Saturation, Value
(HSV) transform fusion method in the transform domain substitution method is adopted to
select the band combinations of the near-infrared, red, and blue bands that are convenient
for highlighting vegetation information and fusing with the panchromatic band. After
completing the image fusion, a mask is created to crop out the extent of the study area
based on the administrative division vector information of the study area. Then, the
pre-processing results of the study area images are obtained, as shown in Figure 3.
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Figure 3. Remote sensing images of Fuzhou city in 2022.

2.3.2. Road Network Data

The road network data used for spatial equity modelling of green spaces were obtained
through the official OSM website in November 2022. The downloaded data were cropped
and reprojected to obtain the road network corresponding to the study area. In addition,
isolated roads and cut-off roads that have an impact on the accessibility analysis are
manually identified, and vector modifications are performed (Figure 4).
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Figure 4. Road network data of Fuzhou City in 2022.

2.3.3. Demographic Variables

The socio-demographic data used to study the spatial equity of green spaces were
obtained from the sixth census of China in 2010 (the seventh census in 2020 still needs
to be completed, so only the sixth census data were used). The “Fuzhou 2010 Census
Data—Township and Street Volume” census data mainly reflect the basic situation of the
population, covering the total resident population, female population, population aged
0-14, population aged 65 and above, and foreign population (Appendix A, Table Al).

2.4. Methodology and Research Process
2.4.1. Space Syntax Integration

Space syntax is a mathematical method proposed by British scholar Bill Hillier in
the 1970s for describing and analysing spatial relationships. The basic principle involves
dividing the space into scales and spatial partitions to describe the quantitative topological
relationships between spaces and determine the connection between human behaviour
and spatial morphology [31,32]. Integration in space syntax refers to the agglomeration
or dispersion between an element of a spatial system and other elements. It measures
the ability of a space to attract arrival traffic as a destination, reflecting the centrality of
the space in the whole system. The higher the integration, the higher the accessibility,
the stronger the centrality, and the easier it is to gather people. Previous studies have
utilized spatial syntax theory to study urban green space, such as the use of depth map
software to establish a regional spatial model of the urban road network and the analysis
of the carrying capacity, penetration, and connectivity of the urban road network. These
studies accurately reflect the coupling relationship between urban structure, transportation
networks, and human activities [33]. In addition, by analyzing the integration degree of
urban roads and park green spaces, researchers can determine the variability of costs, such
as time and distance, consumed by citizens to reach the park green space, the permeability
of the park green space, and the connectivity of the surrounding environment. This can
further determine the ease of use of the park green space within a certain range and judge
the accessibility level of this park green space [34,35]. The spatial syntax method studies
and analyzes the relationship between urban spatial structure and urban park green space
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layout from the perspective of the interactive relationship between people and space. Its
advantage is that it not only considers the influence and connection of park green space to
the surrounding elements, but also incorporates people’s subjective perception of space in
the analysis of permeability and accessibility [36]. Therefore, the spatial syntax method
enables researchers to make reasonable and effective adjustments to their planning after
learning about the current state of the urban structure and issues related to human social
activities [37].

To quickly and efficiently facilitate the analysis of samples, this study uses depth map
software, which was developed based on the theory of spatial syntax, to analyse the urban
street network by axis analysis and line segment analysis. This study mainly adopts line
segment analysis. The core work of line segment analysis is the acquisition of the axis map,
which can be drawn in two ways, automatically generated by the Axial Map command in
the software, or drawn by hand. This study adopts the manual drawing method to obtain
the axis map. The basic principle of drawing an axis map is “longest and least” [38]. When
expressing a curved street, the axis should be tangent to the boundary as much as possible
to ensure the longest and the least number of axes (Figure 5).

Figure 5. Basic principles of axis drawing.

Using the space syntax method, the OSM data was employed as the base and combined
with the actual urban image map to draw the axis model of the study area in Auto-CAD.
The completed spatial syntax model was imported into Depthmap10 in DXF format and
then checked for model calibration. The Map-Convert Drawing Map function was applied
to convert it into the axial map required for this study. Finally, the spatial syntax-related
variables were calculated using Depthmap10, SDNA, and other related software. Thus,
Fuzhou City’s final road integration was mapped (Figure 6).

The average length of the study (Table 1) is 265.10 m, for a total of 10,409 lane segments
in the urban area of Fuzhou, and the integration ranges from 79.36 to 709.54, with an
average value of 514.28. The road integration in the urban area of Fuzhou is higher in
Taijiang and Gulou districts, at 641.48 and 620.04, respectively, which shows that these two
districts have the lowest number of roads but the highest integration. In contrast, Jinan
and Changle districts have the highest number of roads and the lowest road integration,
with 415.51 and 482.83, respectively. These two districts are relatively large, so the road
construction is relatively complex.

2.4.2. Remote Sensing Image Classification

Remote sensing images reveal the differences between features using the difference
between high and low brightness values or image element values (representing the spectral
information of features) and spatial variations (representing the spatial information of
features), which is the physical basis used to distinguish different image features. Remote
sensing image classification is achieved using the computer to analyse the spectral and spa-
tial information of various features in remote sensing images, select features, classify each
image element into different categories according to some rules or algorithms, and then
obtain the corresponding information between images and basic features. The classifier
used in this study is the maximum likelihood supervised classifier [39,40]. The maximum
likelihood classification is a method of image classification in which a nonlinear set of dis-
criminative functions is statistically established based on the maximum likelihood method
(Bayesian judgement criterion method) in two or more classes of judgements, assuming
that the distribution functions of each class are normally distributed. The training area is
selected to calculate the attribution probability of each sample area for classification [41].
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According to the research requirements and the spectral resolution capability of Landsat
images, four categories of target features were identified in this study (Table 2): cultivated
land, vegetation, construction land, and water (Figure 7).

19 200 19 30 0°E 19 10 0°E

Figure 6. Road integration in Fuzhou city.

Table 1. Fuzhou city road integration statistics table.

Gulou Taijiang Cang Shan Jinan Mawei

Changle

District District District District District District Total

Average value 620.04 641.48 619.93 415.51 531.69 482.83 514.28
Standard deviation 58.71 30.15 41.01 203.79 138.83 64.75 150.87
Number of segments 944 541 2017 2983 977 2947 10,409

Table 2. Land classification systems in the study area.

Type Code Type Name Description of Land Type
1 vegetation Urban woodland, park green space, protective green space, subsidiary green space, road
green belts, residential area greenery, and green belts around the city.
5 construction land Includes commercial building land, transportation land, residential land, industrial land,
unvegetated bare land, industrial and mining land, special land, etc.
3 cultivated land Includes land occupied by crop cultivation, including paddy fields, dry land, etc.
4 water Including rivers, lakes, reservoirs, coastal waters, etc. (excluding paddy fields and mudflats).
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Figure 7. Land type of Fuzhou City.

2.4.3. Green Space Landscape Unit

From the remote sensing images, the green space (vegetation category) in the urban
areas of Fuzhou is unevenly distributed, the number of green spaces within the urban area
is minimal, and the area of green spaces in the northern and northwestern parts of Fuzhou
is large and widely distributed. If the landscape units are randomly selected, the pattern of
green space within each is likely similar. Moreover, the proportion of green space area is
similar, resulting in insufficient independent variables for landscape analysis. Specifically,
we divided the study area into a 1 km x 1 km grid and used a stratified sampling method
to extract green space landscape units. The stratification was based on the percentage of
green space area within the grid [42,43]. According to the previous research results, the
number of stratification layers was determined to be six [44]. The stratum boundary was
determined by the square root method of cumulative equivalent frequency proposed by
Dalenius and Hodges [42]. The sampling rate was determined using the stratified fixed
ratio method, i.e., the sampling rate of each stratum was determined to be a fixed value
of 20%, whereby the overall number of samples was determined to be 485 and the overall
sampling rate was determined to be 20.6%. Figure 8 shows the final extracted green space
landscape unit of the study area, and the vector unit was used to crop the classification
data of the study area. Thus, the classification data within the landscape unit was obtained
(Figure 8).
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Legend
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Figure 8. Green space landscape unit sample of Fuzhou City.

2.4.4. Landscape Pattern Analysis

Modern landscape ecology includes various methods for landscape pattern analy-
sis [45], such as textual, graphical [46,47], and landscape pattern indices [48]. According
to Turmer [49], studying the causes of landscape spatial heterogeneity and its ecological
implications requires quantification of landscape patterns [50]. The landscape pattern
index is a simple quantitative index that represents the landscape’s structural compo-
sition and spatial configuration characteristics, which can meet this need. In addition,
the landscape pattern index can be used to conduct comparative studies of landscape
spatial patterns in different places, simultaneously or over time. A significant number
of scholars have conducted applied research on urban green areas in landscape ecology,
using various quantitative indicators to analyze the spatial distribution patterns of urban
green areas. They emphasize the importance of maintaining and restoring the continuity
and integrity of landscape ecological processes and patterns [51,52]. Zhang Liquan et al.
applied GIS-based landscape pattern analysis combined with an artificial neural network
(ANN) to quantitatively analyze the urban landscape pattern and its change in Shanghai.
They established an artificial neural network that better simulates the response of Shang-
hai’s landscape pattern to natural, social, and economic factors, such as residential land
use, road diversity, population diversity, urban development history, and the Huangpu
River [53]. Based on previous studies, we selected 16 landscape pattern indices: Percent of
Landscape (PLAND), Largest Patch Index (LPI), Edge Density (ED), Average Patch Area
(AREA_MN), Area-Weighted Mean Patch Area (AREA_AM), Standard Deviation of Patch
Area (AREA_SD), Density of Patches (PD), Landscape Shape Index (LSI), Average Shape
Index (SHAPE_MN), Area-Weighted Mean Shape Index (SHAPE_AM), Standard Deviation
of Patch Shape Index (SHAPE_SD), Area-Weighted Patch Fractal Dimension (FRAC_AM),
Mean Euclidean Nearest Neighbor Index (ENN_MN), Isolation Index (SPLIT), Aggregation
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Index (Al), and COHESION Index (COHESION). The formula and ecological significance
of the indices are shown in Appendix A, Table A2.

Each index’s basic descriptive statistics (maximum value, minimum value, mean
value, and standard deviation) were evaluated to determine whether the landscape index
exhibited any abnormal behaviour. If the standard deviation was too large, the index was
excluded. Spearman’s correlation coefficient was introduced to analyse the correlation
among landscape indices. A two-tailed test was used to verify the significance of the
correlation between landscape indices [54]. The formula is as follows:

N 6% d2
i nnz—-1)

where 7 is the number of rank pairs for the two variables in the correlation analysis, i.e., the
sample content, and d; is the difference between the ranks of the same pair (i=1,2,3 ...,
n). If the absolute value of the correlation coefficient is greater than 0.90 and significant for
p < 0.01, there is a significant correlation between the indices. If the absolute value of the
correlation coefficient is less than 0.90 but significant for p < 0.01, this correlation coefficient
can only indicate the trend of the change in the indices, i.e., the change in one index predicts
the trend in the other index. If the absolute value of the correlation coefficient is less than
0.90 and p < 0.01, then there is no meaningful correlation between the indices.

After statistical analysis, the average nearest distance index (ENN_MN) had invalid
values in several landscape calculation units (Appendix A, Table A2), which were not
representative and were excluded. Table 3 shows the descriptive statistics of each of the
remaining landscape indices. The statistics of each index are within a reasonable range, do
not appear to be significantly too large or too small, and do not need to be rejected.

Table 3. Statistical analysis results of the Landscape Pattern Index.

Landscape N Min Value Max Value Mean Value Star'lda?rd
Pattern Index Deviation
PLAND 485 1.2920 99.9322 54.159960 30.7942202
PD 485 0.2475 36.4759 6.299242 7.2109512
LPI 485 0.4233 99.9322 48.134889 34.9398279
ED 485 0.8292 170.0588 61.415113 38.1500532
LSI 485 1.0376 16.1528 5.739334 3.6041949
AREA_MN 485 0.3033 401.4000 72.245199 112.2738604
AREA_AM 485 0.8055 401.4000 182.873622 144.6140559
AREA_SD 485 0.0000 196.1550 50.391546 60.5577562
SHAPE_MN 485 1.0376 3.5625 1.533616 0.3809547
SHAPE_AM 485 1.0376 9.4691 3.128739 1.2533318
SHAPE_SD 485 0.0000 2.2131 0.629029 0.4028415
FRAC_AM 485 1.0049 1.3056 1.152776 0.0531038
COHESION 485 59.6835 99.9995 95.890443 5.9247636
SPLIT 485 1.0014 14,072.0119 190.473403 1012.3020546
Al 485 45.9649 99.9426 86.301793 13.0960904

According to the results of Spearman’s correlation analysis for each index (Appendix A,
Table A3), within the area-boundary-diversity class indices, the correlation coefficients
of indices ED, Area_SD, and other values were less than 0.90 and significant at p < 0.01,
so these two indices were retained, and the rest were excluded. Similarly, within the
shape class index and spread index, the indices that did not match were excluded, and
SHAPE_MN, SHAPE_SD, FRAC_AM, and COHESION are retained.

In summary, the final indices selected to describe the spatial landscape pattern of the
green space were ED, AREA_SD, SHAPE_MN, SHAPE_SD, FRAC_AM, and COHESION.

167



Land 2023, 12, 766

2.4.5. Factor Analysis

Factor analysis, an extension of principal component analysis, condenses numerous
original variables into a few factor variables with minimal information loss and makes
factor variables highly interpretable as a multivariate statistical method [55]. Factor analysis
groups variables according to the magnitude of the correlation, revealing the level of
correlation between variables within the same group and variables in different groups,
with each group representing a basic structure, which is called the common factor. For the
problem under study, the original variables can be described as the sum of a linear function
of the fewest common and unique factors. The factor analysis modelling process can
rotate and transform the loading matrix to help interpret the meaning of each factor [56,57].
Factor analysis can both reduce the dimensionality and achieve the purpose of classification.
Factor analysis of the six screened landscape pattern indices resulted in the following factor
loading matrix (Table 4).

Table 4. Results of the Landscape Pattern Index Factor Analysis.

Landscape Pattern Index Main Components

1 2

Eigenvalue 2.435 1.856

Variance contribution ratio (%) 40.576 30.932
Cumulative variance contribution ratio (%) 40.576 71.508
ED 0.866 —0.322

AREA_SD 0.072 0.811

SHAPE_MN —0.213 0.526

SHAPE_SD 0.870 0.359

FRAC_AM 0.934 0.089

COHESION —0.076 0.825

As shown in Table 4, the two extracted principal components explain 71.508% of
the total variance of the original variables, with individual contribution rates of 40.576%
and 30.932%. SHAPE_SD, ED, and FRAC_AM have the highest correlation with the first
principal component, and COHESION and AREA_SD have a higher correlation with the
second principal component. Furthermore, SHAPE_MN has a weak correlation with both
principal components; thus, this index was excluded. The remaining five indices were
re-run for factor analysis, and the analysis results are shown in Table 5.

Table 5. Results of the Landscape Pattern Index Factor Analysis.

Landscape Pattern Index Main Components

1 2

Eigenvalue 2.411 1.699

Variance contribution ratio (%) 48.223 33.978
Cumulative variance contribution ratio (%) 48.223 82.201
ED 0.834 —0.417

AREA_SD 0.134 0.878

SHAPE_SD 0.894 0.304
FRAC_AM 0.948 —0.048

COHESION 0.004 0.812

From Table 5, the first principal component has a strong positive correlation with
FRAC_AM (the higher the number of sub-dimensions, the more complex the landscape
geometry); ED (the more significant the edge diversity, the greater the fragmentation); and
SHAPE_SD (the more significant, the greater the landscape patch diversity), indicating
that this principal component is mainly related to the diversity of the green space, and the
more complex the shape of the green space patch and the greater the boundary length, the
greater the value of the first principal component.
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The second principal component has high loadings on COHESION (the higher the
degree of patch fragmentation, the lower the degree of fragmentation) and AREA_SD
(the more significant the standard deviation of the patch area, the greater the diversity of
landscape patch sizes), indicating that this principal component is related to the degree and
connectivity of green space patches, and the more aggregated the patch areas, the higher
the value of the second principal component. Therefore, the first principal component can
be defined as the green space shape complexity factor, and the second principal component
is the green space aggregation factor.

The coefficients corresponding to each index in the two principal components were
calculated using the main component loading matrix, and the coefficient matrix of the
index was obtained as follows (Table 6).

Table 6. Score matrix for each Landscape Pattern Index Factor.

Landscape Pattern Index Main Components

1 2
ED 0.362 —0.221
AREA_SD 0.019 0.519
SHAPE_SD 0.357 0.205
FRAC_AM 0.394 —0.001
COHESION —0.032 0.477

The equations of the two principal component factors and the selected landscape
pattern index are expressed as follows:

F1=0.362 x ED + 0.019 x AREA_SD + 0.357 x SHAPE_SD + 0.394 x FRAC_AM — 0.032 x COHESION,

F2 =—-0.221 x ED + 0.519 x AREA_SD + 0.205 x SHAPE_SD — 0.001 x FRAC_AM — 0.477 x COHESION.

F1 and F2 are the shape complexity and aggregation factor of landscape unit 7, respec-
tively, ED, AREA_SD, SHAPE_SD, FRAC_AM, and COHESION are the edge diversity
index, patch area standard deviation, patch shape standard deviation, area-weighted
average patch sub-dimension, and patch cohesion index of landscape unit i, respectively.

2.4.6. Green Space Accessibility Model Construction

1.  Green space accessibility calculation points

Since it is challenging to obtain high-precision building distribution images and to
extract buildings from remote sensing images with 30 m resolution, using buildings as
target units to calculate their accessibility is not feasible. If the accessibility is calculated
using impervious surface image elements as the target unit, the calculation volume is too
large, and multiple impervious surface images belong to the same feature. In this study,
the accessibility was calculated using a regular grid as the target unit, which is a simple
and standard calculation method used in the literature that is feasible and efficient. First,
the impervious surface in the study area was divided into l km x 1 km grid cells. When
applying the grid method, the geometric centre of the grid cells is used as the starting point
for calculating the accessibility. Thus, the number of green areas within a specific range
was retrieved (Figure 9).

2. Green space accessibility calculation range

Next, we defined the accessible area and accessible green space in the study area. The
“accessible area” is the area enclosed by the target points that can be reached within 2 km
of the road network from the centre of the grid. The “accessible green space” is the green
space within the reachable area. In this way, each closed area constitutes a spatial unit [58].
The accessibility area, green space shape complexity factor, green space aggregation factor,
and road integration of green space within this spatial unit can be calculated.
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Figure 9. Schematic diagram of accessibility calculation points.

The results are shown in Figure 10. The average accessible area of Fuzhou City is
1.07 km?. The accessible area of Fuzhou City is 1.31 km? in Taijiang District, 1.28 km? in
Gulou District, 1.09 km?2 in Cangshan District, 0.99 km? in Mawei District, and 0.89 km?
in Jinan District. The size of the accessible area depends on the development of the
transportation network, which can be used as an indicator of the accessibility of the
regional transportation network.

3. Choice of accessibility factors
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Figure 10. Accessible area in Fuzhou city.

Green space area:

Green space area is the most widely used representative attribute in green space acces-
sibility and equity studies [59,60]. The green space area is associated with the probability
that residents can access urban green space in the study area. Urban residents have a higher
probability of being exposed to urban green space when the area of green space around the
city is significant. In this study, the green space area was the most fundamental indicator of
green space accessibility, which was calculated based on the ranges of the available area.
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Road integration:

Within the urban space, the higher the integration index value, the higher the road
carrying capacity, and the higher the traffic flow. The core expression is the urban spatial
structure, which is built along several axes with high integration. Many reports have
used the spatial syntax theory to show that the high integration area has high population
diversity and high traffic flow. This also indicates that, in this spatial system, the core area
of integration with relatively dense axes is usually the area with high activity in the city,
where prosperous commercial trade and large populations are gathered. Hence, it is also a
central node of a city, and the accessibility is relatively high.

Green space shape complexity factors and aggregation factors:

The landscape pattern index can help concentrate landscape pattern information and
represent the structural composition and spatial configuration characteristics of quantitative
indicators. It is an essential technical means for assessing landscape patterns, and helps
describe the structural characteristics and spatial distribution of urban green space and
ecological networks. However, in recent years, different landscape pattern indices have
reflected different aspects of the pattern. A single landscape index often requires more
work to fully and accurately explain the ecological process. The joint application of the
landscape index is an effective way to analyse landscape spatial patterns and examine the
explanatory ability of the landscape index when set for the ecological process. Therefore,
we selected two representative factors to measure green space landscape structure from
complex and redundant landscape indices.

4. Weight analysis

The analytic hierarchy process is used in a multi-objective, comprehensive evaluation.
The analytic hierarchy process is used to simulate the human decision-making process. It
decomposes and classifies complex target systems and quantifies non-quantitative events
with the help of mathematical analysis to provide a reliable quantitative basis for analysing
and predicting the development of a system [61].

First, it is necessary to clarify the hierarchy of green space accessibility measurements.
According to the purpose of the study, the spatial accessibility of green space was taken
as the target layer. The three factors, namely quantity, landscape structure, and road
accessibility, were taken as the criteria layer. Then, two indicators of shape complexity and
aggregation were included under the criteria layer of landscape structure. Based on these
indicators, the Green space accessibility model hierarchy is established in Figure 11. After
calculation, the final weight distribution of each indicator was determined, as shown in
Table 7.

Target layer [ Criterion layer [ Scheme layer ]
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accessibility area of
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Figure 11. Green space accessibility model hierarchy.
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Table 7. Weight value of factors.

Accessibility Area of Complexity of Aggregation of Integration
Green Space Factor Green Space Factor Green Space Factor 8
0.38 0.18 0.18 0.26
3. Results

3.1. Green Space Accessibility Metric Results

We calculated the area of accessible green space, shape complexity, aggregation factor,
and integration value for each grid cell separately (Figure 12). Moreover, the factors were
weighted according to the weights determined in Table 7 to obtain the final green space
accessibility metric results (Figure 13). The accessibility of green space in urban areas of
Fuzhou decreases from the centre of the city to the edge. From north to south, the urban area
of Fuzhou shows a trend of “low-high-low”; the northern part of the urban area of Fuzhou
is the lowest, followed by the southeastern part, and then the western part. Administrative
districts refined the accessibility of Fuzhou’s urban areas, and Fuzhou's districts were
divided into three classes according to their mean values of green space accessibility.

The statistics are shown in Table 8. Gulou District and Taijiang District, classified as the
first class, have the highest mean values of 189.49 and 194.95 for green space accessibility in
Fuzhou City, respectively. As older urban areas, Gulou District and Taijiang District have
the lowest mean areas of accessible green space. The clustering of green areas is also low.
However, the complexity of their green area shapes and road integration is relatively high,
so their green area accessibility averages are also the highest.

The average values of green space accessibility are also higher in Cangshan District
and Mawei District, at 170.06 and 139.94, respectively, classified as the second class. The
complexity of the green space shape is relatively high in Cangshan District. Road integra-
tion is also high, so the accessibility of green space is relatively high in the whole district.
In contrast, the average value of green space accessibility is higher in the part of Mawei
District near the city centre and lower in the part far from the city centre, especially in the
part adjacent to Jinan District.

Jinan District and Changle District are classified as the third class, with mean green
space accessibility values of 112.53 and 120.47, respectively. These values are relatively
higher at the border between Jinan District and Gulou District and then decrease as they
move away from the city centre. The mean green space accessibility values are higher in
the central part of the Mawei District because of its green space area, green space shape
complexity, and road integration. However, the values outside the Mawei District are
relatively low.

The frequency histogram of green space accessibility in each administrative district of
Fuzhou City was drawn based on the statistical data (Figure 14). The maximum frequencies
occurred at relatively similar intervals in the six administrative districts. The maximum
frequencies of 3.7%, 2.3%, and 1.6% occurred in Taijiang, Gulou, and Cangshan, respectively
(180,210). The maximum frequencies of the Mawei and Jinan districts were close to each
other, 0.6% and 0.5%, respectively (180,190). The maximum frequency of the Changle
District is 1.5%, appearing in the interval (140,160).
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Figure 12. Distribution of green space accessibility factors in urban areas of Fuzhou: (a) green space
accessibility area; (b) green space shape complexity factor; (c) green space aggregation factor; and
(d) road integration.
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Figure 13. Distribution of accessible green spaces in Fuzhou City.

Table 8. Statistical descriptions of green space accessibility in urban areas of Fuzhou.

Statistical Values

Gulou Taijiang Cangshan Jinan Mawei Changle
Administrative District District District District District District District
Average value 189.49 194.95 170.06 112.53 140.38 120.47
Standard deviation 29.25 11.34 54.45 66.55 75.81 61.66
Grid number 48 32 171 617 319 806
0035 1 [ Changle District Average: 12062 Standand duviation:61 63

Finan Diistrict Average:112.53 Standand deviation-66.55
0030 | Mawei District Average: 140.38 Standard devistion:75. 81
I Cangshan District Average: 170, 06 Stendard deviation:54. 46
0025 A I Gulou Disirict Average: 183, 49 Standard deviation:29. 25

| Taijiang District Average: 184. 85 Standard deviation:L1. 35
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Figure 14. Frequency distribution of green space accessibility in urban areas of Fuzhou.
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3.2. Fairness of Green Space Based on Supply and Demand Index
3.2.1. Green Space Supply Index in Fuzhou City

Based on the research results on green space accessibility, we selected four indicators
for the supply index of green space, namely the green space accessibility area index CA,
the green space shape complexity index (F1), the green space aggregation index (F2), and
the road integration index (IN). Taking streets as the calculation unit, each index was
normalised using the extreme difference standardization method, and then each street’s
corresponding value was analysed using ArcGIS. Moreover, the ArcGIS natural breakpoint
classification method was used to classify the values into five levels: higher, high, moderate,
low, and lower (Figure 15).

The statistics are shown in Table 9. The majority of streets have low or lower values of
the green space accessibility area index, as observed for 30 streets, accounting for 46.15%
of the total number. Among them, 17 are classified as low and 13 are classified as lower,
which have mean values of 0.274 and 0.098, respectively. There are 10 streets with higher
values, 11 streets with high values, and 14 streets with moderate values, which are 0.843,
0.598, and 0.398, respectively.

The statistics of the green space shape complexity index show that 26 streets have
low or lower values, accounting for 40% of the total number of streets. The number of
streets with low values is 21, with a mean value of 0.332, and the number of streets with
lower values is 5, with a mean value of 0.109. Then there are 16 streets with higher values,
10 streets with high values, and 13 streets with moderate values, which are 0.912, 0.754,
and 0.543, respectively.

Fuzhou City’s low green space aggregation index accounts for 43.08% of the total
streets, with 28 streets. The number of streets with low and lower values is 14 and 13, with
mean values of 0.083 and 0.193, respectively. There are 10 streets with high mean values,
13 streets with high values, and 15 streets with moderate values, which are 0.899, 0.598,
and 0.398, respectively.

In the distribution of green space, the green space accessibility area index, green space
shape complexity index, and green space aggregation index are dominated by low values,
accounting for 46.15%, 40%, and 43.08% of the total streets, respectively. The performance of
the integration index is the opposite. The number of streets with low or lower values is 11,
accounting for 16.92% of the total streets, with mean values of 0.152 and 0.587, respectively.
At the same time, 63.08% of the total streets exhibit high (20 streets) or higher values
(21 streets), which have mean values of 0.973 and 0.908, respectively. There are 13 streets
with moderate values, with a mean value of 0.717.

In summary, the four indices of green space supply in urban areas of Fuzhou City
have an overall low percentage at the street level. The number of streets with higher
values accounted for 15.38% (the green space accessibility area indicator), 24.62% (the green
space spatial complexity indicator), 15.38% (the green space aggregation indicator), and
30.77% (the road integration indicator) of the total number of streets, respectively. From
Figure 16, the high green space accessibility indicators are concentrated in the newer areas
near the city centre, and there is less low street area accessibility in the city centre. The same
situation is observed for the green space aggregation indicator, but the opposite situation is
observed for the green space shape complexity indicator and the road integration indicator,
where the high values of both are concentrated in the city centre area. This shows that the
distribution of green space supply indicators at the street level in the urban area of Fuzhou
needs to be more equitable.
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Figure 15. Spatial distribution of the single supply index of green space in urban areas of Fuzhou:
(a) green space accessibility area index; (b) green space shape complexity index; (c) green space
aggregation index; and (d) road integration index.
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Table 9. Statistics of green space supply in urban areas of Fuzhou.

Level Number of Streets (Blocks) Average Value Standard Deviation
CA F1 F2 In CA F1 F2 In CA F1 F2 In
lower 13 5 14 2 0.098 0.109 0.083 0.152 0.058 0.075 0.039 0.152
low 17 21 13 9 0.274 0.332 0.193 0.587 0.038 0.591 0.026 0.034
moderate 14 13 15 13 0.398 0.543 0.372 0.717 0.041 0.056 0.052 0.042
high 11 10 13 21 0.598 0.745 0.668 0.908 0.058 0.046 0.069 0.026
higher 10 16 10 20 0.843 0.912 0.899 0.973 0.083 0.049 0.056 0.018

3.2.2. Green Space Demand Index in Fuzhou City

In previous studies on the layout of public resources such as urban green spaces, parks,
and schools in foreign countries, the needs index has been widely used to evaluate the
fairness of resource allocation [62,63]. According to the sixth census data of Fuzhou City,
five indicators were considered as follows:

total population

the proportion of the population over 65 years old.
the proportion of the population aged 0~14 years old.
the proportion of the foreign population.

the proportion of females.

The values of the green space demand indicators were calculated in terms of streets,
and each indicator was normalized using the extreme difference standardisation method.
Moreover, the ArcGIS natural breakpoint classification method was used to organise the
values into five classes. (Figure 16, Table 10).
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Figure 16. Cont.
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Figure 16. Index of green space demand in urban areas of Fuzhou: (a) total population; (b) female
population; (c) population aged 0 to 14; (d) aged 65 and above; and (e) foreign population.
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Table 10. Green space demand index in Fuzhou city (blocks).

. Female Population Aged Population Aged Foreign
Level Total Population Population b 0to 14 ® 6r5, and Abofe Popula%ion
Lower 14 7 7 5 9
Low 31 19 21 23 17
Moderate 14 13 18 11 20
High 4 11 14 21 11
Higher 2 15 5 5 8

Table 10 shows that the number of streets in the low area is 31, accounting for 47.69%
of the total number of streets. The lower and moderate areas both have the same number
of streets, 14, whereas the high and higher areas only have 6 streets, accounting for only
9.23%. For the female population, although the most significant number of streets is 19 in
the lower area, the high and higher areas reach 26 streets, accounting for 40% of the total
number of streets. In contrast, the lowest percentage of the female population is found in
only 7 streets. This shows that Fuzhou has more street pairs with a high percentage of the
female population; however, the proportion of the population aged 0 to 14 years old has the
opposite trend compared with the female population, with the highest number of streets
with a high percentage being 21 blocks of low, which, together with the 7 blocks of low,
account for 43.07% of the total number of streets. Furthermore, 14 and 5 blocks of high and
higher streets are occupied by people aged 0 to 14 years—old. For people that are 65 years
old and older, the lower and higher areas are similar in terms of the population percentage.
There are 28 blocks of low streets and 26 blocks of high streets, accounting for 43.07% and
40% of the total number of streets, respectively. There are 5 blocks of lower and higher
streets. The statistics of the foreign population show that lower areas have more streets
than higher areas, with 26 blocks, which account for 40% of the total number of streets.

In summary, the distribution of population demand indicators in urban areas of
Fuzhou is relatively even. The number of streets in higher-value areas is small, and the
number in lower-value areas is also small. The number of streets with high numbers is
concentrated between low and high values. The distribution map shows that the higher
values of total population data are concentrated in the downtown area, whereas most
streets with lower ratios are located far from the downtown area, with a few streets in the
downtown area. The higher value of the female population is concentrated in the central
part of the city, but a few streets are located far from the city centre. The low values for the
population aged 0 to 14 years old are found in the majority of streets, and the distribution
of higher-value areas is relatively scattered, with only a few higher-value streets in the city
centre. The higher values for the population over 65 years old are relatively concentrated
in the streets near the city centre. The higher-value distribution of the foreign population is
more pronounced, mainly around the streets in the city centre.

3.2.3. Fairness Analysis of Green Space

The green space supply indicators and green space demand indicators were also
overlaid and analysed using ArcGIS. Then, the combined spatial distribution of green space
supply and demand was calculated. Moreover, the ArcGIS natural breakpoint classification
method was used to categorise the values into five classes (Figure 17).
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Figure 17. Fuzhou city’s green space supply and demand balance results.

The statistics are shown in Table 11. The majority of streets (20 blocks) exhibited a
surplus supply, accounting for 30.73% of the total number of streets and 30.76% of the
total area. The most significant area belongs to the streets with extreme surplus supply;
although their number is only nine, they contain 31.37% of the area. The next largest area is
the balanced supply and demand area, with 17 streets, accounting for 26.15% of the number
of streets and 18.66% of the total area. The total number of streets in these three sections
is 46, containing 70.77% of the streets and 74.78% of the area. The total number of streets
in the deficit part is 19, accounting for only 29.23% of the number of streets and 25.22% of
the area. Thus, the urban areas of Fuzhou City occupy the majority of both the number of
streets and the area of streets. This shows that the distribution of green space in the urban
area of Fuzhou is relatively fair.

Table 11. Fuzhou city supply and demand balance statistics.

Number of Streets Number of Streets

Supply and Demand Level (Blocks) %) Street Area (%)
Extreme supply deficit 7 10.77 9.57
Supply deficit 12 18.46 15.65
Supply-Demand Balance 17 26.15 18.66
Supply Surplus 20 30.76 24.75
Extreme Supply Surplus 9 13.85 31.37

4. Discussion

A large body of research has demonstrated that urban green space can affect people’s
health in various ways. For instance, via the physical environment, social interaction, and
physical activity. Research has also presented evidence for uneven distributions of green
space. An integrated description of the spatial distribution of urban green spaces and the
services they provide has been widely discussed. Therefore, this paper investigates the
spatial accessibility and equity of green space in urban areas of Fuzhou City based on
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telemetry image data, landscape patterns, road data, and spatial syntax. This not only helps
to reveal the in-depth influences of green space but also provides a reference for rational
planning and management of green space, which can be used to improve the quality and
configuration of green spaces.

4.1. Street Network Topology Pattern

This paper uses space syntax theory to calculate and analyse the accessibility of
urban roads. It obtains the street network of Fuzhou City, namely the road integration. It
provides factors for the green space accessibility model. As a result, the distribution of road
accessibility in Fuzhou City can be observed from the topological form, which is concerned
with the distance people have to travel and the convenience of the destination. The
accessibility of the urban centre of Fuzhou is higher than that of the peripheral areas. The
integration of roads is one of the essential factors affecting the accessibility of green space.

4.2. Remote Sensing Images and Landscape Pattern Analysis

The development of landscape patterns in urbanisation has increased the alteration
and disturbance of the landscape by human activities. The changes in landscape patterns
can show the impact of humans on the urban environment under different natural en-
vironments and socioeconomic and socio-political conditions, which are caused by the
inadequacy of numerous landscape pattern indices in indicating ecological processes.
Therefore, in this study, the numerous and ecologically unclear landscape indices were
screened and optimised through factor analysis to select representative factors of landscape
patterns for a more accurate quantitative analysis of the spatial accessibility of green spaces.
We first extracted the green space data of the Fuzhou urban area by analysing Landsat
image data. We then used Fragstats software to calculate the relevant landscape pattern
indices and then extracted the final landscape pattern index factors by factor analysis. Five
landscape indices and two principal component factors were selected by factor analysis:
ED, AREA_SD, SHAPE_SD, FRAC_AM, and COHESION. They were then renamed to
derive the green space shape complexity factor and green space aggregation factor that
can be quantitatively analysed. From these two factors, a calculation for the green space
accessibility model can be provided.

4.3. Model of Green Space Accessibility

Based on the analysis of street network topology and landscape patterns, a model for
measuring the spatial accessibility of urban green spaces was constructed using GIS spatial
analysis tools. The model yielded valid results in the urban areas of Fuzhou. The results
show that the accessibility of green space is decreasing from the centre to the edge of the
city. From north to south, Fuzhou City shows a trend of “low-high-low”; the northern part
of Fuzhou City is the lowest, followed by the southeastern and western parts.

4.4. Study on the Equity of Green Space

The spatial equity of green space was mainly calculated according to the accessi-
bility index. Considering the indicators of green space accessibility supply and socio-
demographic demand, variable correlation analysis and the spatial superposition of factors
were used to quantitatively express the spatial equity of urban green space layout at the
street scale. The spatial distributions of supply and demand for green space, based on roads,
were derived using the supply and demand overlay model, which expressed the equity
of urban green space. In terms of green space equity, Fuzhou City has a majority share in
both the number of streets and the amount of area. This indicates that the distribution of
green space in the urban area of Fuzhou is relatively fair.
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5. Conclusions
5.1. To Improve the Fairness and Accessibility of Green Spaces in Line with Urban Planning

Urban green spaces are essential to green infrastructure in cities and play a crucial
role in sustainable development because they provide vital ecological, social, and cultural
functions. The spatial fairness of the layout of public service facilities, such as urban green
spaces, directly affects residents” quality of life, especially low-income groups, the elderly,
children, and people with disabilities who depend on public service facilities such as green
spaces. Therefore, policymakers should focus more on urban green space planning in their
spatial policies and pay more attention to the importance of natural environments such
as green spaces. Furthermore, to make greenspace central to a city’s infrastructure, there
should be a review based on the fairness research evaluation model; green space planning
should be improved, and relevant regulations should be modified.

5.2. Updating and Improving Research Methods and Tools

This study mainly uses GIS spatial analysis, spatial syntax theory, and landscape
pattern analysis, which involve some data deficiencies and technical difficulties. For
example, spatial syntax cannot handle slope problems, and the road data is analyzed at
the same height by default. In subsequent research, high terrain should be removed or
height differences should be analyzed. The analysis of landscape indices is based on the
processing results of remote sensing images. Therefore, the clarity and classification of
remote sensing results are essential, and subsequent improvements should be made to the
accuracy of remote sensing images.

5.3. Adding Research Data from Different Time Periods

This study is based on a single time point as the time range. It is recommended that
future discussions be cut from a longitudinal perspective, exploring the process of changes
in the fairness pattern as the characteristics of green spaces, social demographics, landscape
indices, and road data change over time.

5.4. Failure to Truly Understand the Public’s Preferences for Green Space Characteristics and
Usage Habits

This study mainly uses a quantitative approach for research and investigation. As for
the actual opinions and willingness to use green spaces by the public, which involve more
subjective feelings of the users, they have not been reflected. For example, the comfort,
safety, and facility conditions of green spaces have not been evaluated.
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Appendix A

Table Al. Demographic variables in urban areas of Fuzhou.

Administrative Street Total Female Population Population Aged Foreign
District Population = Population  Aged 0 to 14 65 and Over Populations
Gulou Gudong Street 40,769 21,064 4577 5208 13,148
Gulou Guxi Street 67,420 34,483 7462 7568 25,096
Gulou Wengquan Street 67,911 33,959 6461 6544 24,603
Gulou Dongjie Street 32,438 17,033 4013 3891 8410
Gulou Nanjie Street 45,663 23,480 5102 5537 17,157
Gulou Antai Street 33,305 17,135 3812 4079 12,046
Gulou Huada Street 101,489 51,259 10,718 8834 24416
Gulou Shuibu Street 45,746 23,463 5200 4930 20,402
Gulou Waufeng Street 109,429 55,378 13,571 8760 54,162
Gulou Hongshan Town 143,535 71,430 17,259 10,692 80,796
Taijjiang Yingzhou Street 54,186 26,768 6115 4581 26,184
Taijjiang Houzhou Street 44,047 21,443 3820 5654 13,232
Taijjiang yizhou Street 40,407 20,728 4363 5223 16,839
Taijiang Xingang Street 49,609 23,930 4625 4298 19,177
Taijiang Shanghai Street 73,010 37,027 7285 8872 30,579
Taijjiang Cangxia Street 43,654 22,250 4628 5817 15,720
Taijiang Chating Street 34,441 17,293 3527 4193 13,899
Taijjiang Yangzhong Street 29,195 14,638 3031 3678 10,266
Taijjiang Aofeng Street 43,802 21,258 6981 2754 20,100
Taijiang Ninghua Street 34,540 17,275 4144 3842 14,278
Cangshan Canggian Street 23,663 12,179 3235 2935 6957
Cangshan Dongshen Street 13,195 6536 1636 1301 7230
Cangshan Duihu Street 35,785 18,934 2756 2476 20,647
Cangshan Linjiang Street 29,598 10,751 2457 2413 15,578
Cangshan Sanchajie Street 23,993 12,170 2850 2696 11,147
Cangshan Shangdu Street 43,622 22,292 5985 3284 23,736
Cangshan Xiadu Street 36,275 18,388 5085 3677 15,177
Cangshan Jinshan Street 80,791 39,762 15,436 3705 37,606
Cangshan Cangshan Town 30,247 14,496 3663 2007 17,017
Cangshan Chengmen Town 96,539 47,222 12,245 5893 31,972
Cangshan Gaishan Town 122,018 58,475 15,630 7042 57,989
Cangshan Jianxin Town 201,925 93,362 21,498 6348 147,161
Cangshan Luozhou Town 18,462 8186 1948 1162 8780
Cangshan Hongxing Street 6633 3217 663 508 1859
Mawei Luoxing Street 60,117 28,972 8442 2849 34,630
Mawei Mawei Town 63,299 29,695 6960 3000 41,325
Mawei Tingjiang Town 39,624 20,896 3560 3857 24,885
Mawei Langqi Town 68,889 34,770 7059 6025 28,592
Jinan Chayuan Street 90,045 45,011 9022 7947 52,350
Jinan Wangzhuang Street 46,980 24,122 6377 3479 26,241
Jinan Xiangyuan Street 48,717 23,909 6182 3277 30,622
Jinan Gushan Town 286,095 135,555 43,946 10,220 204,101
Jinan Xindian Town 166,283 79,337 23,682 8524 116,719
Jinan Yuefeng Town 130,403 64,362 16,943 8893 84,000
Jinan Huanxi Town 11,965 5949 1297 1105 2716
Jinan Shoushan hometown 8091 3900 1080 1076 1122
Jinan Rixi hometown 3912 1797 498 541 580
Changle Wuhang Street 76,306 39,429 11,701 5556 38,392
Changle Hangcheng Street 71,320 34,714 9418 3385 47,713
Changle Yinggian Street 35,408 17,089 4829 3073 13,863
Changle Zhanggang Street 46,520 22,610 6446 3613 17,271
Changle Shouzhan Town 21,559 10,681 2805 2136 6883
Changle Yutian Town 32,841 15,927 5328 3107 5601
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Table Al. Cont.

Administrative Street Total Female Population Population Aged Foreign
District Population = Population  Aged 0 to 14 65 and Over Populations
Changle Songxia Town 25,281 11,865 3439 1587 10,512
Changle Jiangtian Town 44,552 21,213 6659 3352 14,809
Changle Gukui Town 43,882 21,244 6347 3926 13,407
Changle Wenwusha Town 19,985 9314 2593 1334 4631
Changle Heshang Town 51,323 24,482 6285 4485 14,435
Changle Hunan Town 27,375 13,014 3125 1981 11,307
Changle Jinfeng Town 84,899 41,596 11,842 5713 39,156
Changle Wenling Town 27,680 13,655 3414 2617 9226
Changle Meihua Town 14,216 7214 1710 1502 3504
Changle Tantou Town 48,026 23,713 5153 4887 17,371
Changle Luolian hometown 6426 3152 953 780 1222
Changle Houyu hometown 5027 2677 435 631 2944

(Statistics to: 2010 Sixth Census Population Data).

Table A2. Landscape pattern index analysis table.

Landscape Pattern Index

Expression Formula

Ecological Significance

Landscape (PLAND)

Y =1"%
PLAND = ]T(100)

Knowing what proportion of the landscape is
covered by patches gives an idea of the abundance
of a certain landscape type.

Largest Patch Index (LPI)

mux}’:l“if

Lr1 = ™ (100)

The maximum patch index at the type level
describes the percentage of the largest patches in
the landscape and is a simple measure of
type dominance.

Edge diversity reveals the extent to which a
landscape or type is divided by a boundary and is

. _ Zmzleik
Edge Density (ED) ED = =5 (10,000) a direct reflection of the degree of landscape
aggregation factors.
) AREA_MN represents an average condition that
Avilzrg{% iatcN}nN?rea AREA_MN = E,”%l’/ (10,000) characterizes the fragmentation of the

landscape type.

Area-Weighted Mean
Patch Area (AREA_AM)

AREA_AM = Y1, [ai]‘(ﬁ)]

AREA_AM is a statistical form of patch area,
which to some extent reflects the diversity of patch
areas and the complexity of landscape patterns of
landscape types.

Standard Deviation of
Patch Area (AREA_SD)

AREA_SD is a statistic of the area complexity of
landscape type patches, reflecting the diversity
and complexity of their landscape patches.

Landscape patches can reflect the degree of

Density of Patches(PD) fragmentation of the landscape.
When there is only one square patch in the
Landscape Shape Index LS — 025E landscape, LSI = 1; when the patch shape in the
(LSI) VA landscape is irregular or deviates from the square,
the LSI value increases.
Reflecting the overall shape characteristics of the
Average Shape Index L D (0‘25?-’1/‘ ) atlc:a}?ecaiSi(;i fﬁeﬁz:(eizrcléas?gzg_ﬁlje=a1n‘§}’:§2 ?iallue
(SHAPE_MN) SHAPE_MN = ! P be are squate,

of SHAPE_MN increases when the shape of the
patches deviates from square.
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Table A2. Cont.

Landscape Pattern Index Expression Formula Ecological Significance

SHAPE_AM is one of the most important metrics
Area-Weighted Mean SHAPE_AM — Y7 [( 0.25p;; N )] for measuring the com.plexi.ty qf landscape spatial
Shape Index (SHAPE_AM) - =10 ey ANV g patterns and has implications for many
ecological processes.

Standard Deviation of . (0B 2 SHAPE_SD is a statistic of landscape type patch
Patch Shape Index P _(Zf:l( Vi ) ) shape complexity, reflecting the diversity and
(SHAPE_SD) SHAPE_SD = ] ™ i complexity of its landscape patches.

The number of sub-dimensions is an important
pointer to reflect the overall characteristics of the

Fra(%c;iﬁém;f;/{s;on D=2 log(g) /log(A) landscape pattern; the higher the number of
- sub-dimensions, the more complex the geometry
of the landscape.

ENN_MN measures the spatial pattern of the
landscape. Generally speaking, a large ENN_MN

Mean Euclidean Nearest . value reflects that the patches of the same type are
Neighbor Index ENN_MN; = ZJ:Tlh’/ far apart and have a discrete distribution; on the
(ENN_MN) ’ contrary, it indicates that the patches of the same

type are close to each other and have a
clustered distribution.

The separation index shows the relationship
between separation and the number of patches,
.  JuiA and the effect of the area of patches in the
Isolation Index (SPLIT), li =94 landscape. The greater the separation, the more
dispersed the distribution of patches in
the landscape.

At the patch type level, the agglomeration index is

Aggregation Index(Al) Cem (8 ). obtained from the connectivity matrix calculation

581¢8 Al = [T, (mani,' > pi](100) and is used to measure the maximum number of
possible connections for a given patch type.

The cohesiveness of the landscape is related to the

distance between similar patches, the presence or

CO((I:_I gg]%;g;?ex COHESION = {1 _ n):/”:] Pij } [1— 1 ]_1 0 absence of corridors, the frequency of intersection
L1 Pij/%ij of different types of corridors, and the size of the

network formed.
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Abstract: As an overarching goal, economic growth targets have a strong leading and constraining
effect on the behavior of local governments. China’s new-type urbanization strategy emphasizes
balanced development across population, economic, social, space, ecological and income-gap di-
mensions and relies on multifaceted government policies. Therefore, setting reasonable economic
growth targets has an important impact on the process of new-type urbanization. This paper uses
panel data from 30 provinces between 2005 and 2020 to empirically examine the impact of economic
growth targets on the new-type urbanization process. The results reveal an inverted U-shaped
relationship between economic growth targets and new-type urbanization, with public expenditure
and land finance acting as a mediator and a moderator through fiscal expenditure. The mechanisms
of influence are as follows: economic growth target—infrastructure construction, regional innovation,
energy structure, and financial development—population development, economic quality, ecolog-
ical civilization, and income gap—new-type urbanization. Heterogeneity analysis shows that the
inverted U-shaped relationship is significantly present in the western and central regions of China
and before 2014. This paper not only clearly illustrates the institutional mechanism of urbanization in
China but also highlights its government-led and “land-for-security” approach, which has important
implications for urbanization in other regions of the world.

Keywords: economic growth target; new-type urbanization; inverted U-shaped; public expenditure;
land finance

1. Introduction

Urbanization and regional economic development are mutually reinforcing [1,2] and
represent a necessary path for developing countries. As the world’s largest developing
country, China has achieved remarkable progress in promoting urbanization. Since the
implementation of the reform and opening-up policy, China’s urbanization rate has rapidly
increased. China took only 15 years to achieve a leap in its urbanization rate from 30% to
50%, which is much shorter than the time required for developed countries to achieve the
same degree of growth, such as 40 years in the United States and 20 years in Japan [3]. The
enormous labor force and consumer potential released by urbanization have also supported
the country’s high-speed economic growth.

The success of China’s urbanization is largely attributed to the top-down urbanization
model driven by the government [4]. In contrast to the market-driven approach adopted
in Europe and the United States, Chinese local governments have employed various
means to concentrate economic resources and guide rural-to-urban migration, such as
establishing development zones and building infrastructure. This unique approach not
only has allowed China to avoid the development trap that has plagued many African
countries [5] but also has provided valuable experience for underdeveloped countries and
regions in Africa, Asia, and South America in terms of promoting urbanization and regional
economic development.
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Despite these positive results, the government-led urbanization model has also re-
sulted in numerous problems, including low energy efficiency [6], environmental pollu-
tion [7,8], urban sprawl [9], inadequate public services [10], and non-inclusive economic
growth [3]. Addressing these issues and transitioning from a focus on “high speed” to
“high quality” development is crucial both for China and for other countries and regions
worldwide. By learning from China’s successes and challenges in its urbanization pro-
cess, other developing countries can strive for more inclusive, sustainable, and healthy
urban development.

Starting from March 2014, the Chinese government implemented the “National New-
Type Urbanization Plan (2014-2020)”, which proposed the concept of “new-type urbaniza-
tion.” This approach emphasizes the coordinated development of the population, economy,
society, and ecology with a focus on people, emphasizing livelihoods, quality, and sus-
tainability. This marks a shift in China’s urbanization from the traditional path of land
expansion and population migration to a new practice that is people-oriented, resource-
intensive, and scientifically planned and that seeks to achieve coordinated urban-rural
development [11]. Furthermore, aiming toward the goal of “basically achieving socialist
modernization by 2030”, China’s “14th Five-Year Plan for National Economic and Social De-
velopment and the Long-Range Objectives Through the Year 2035” also explicitly states that
from 2021 to 2030, China will continue to deepen the implementation of new urbanization
and promote high-quality urban development.

Promoting new-type urbanization has emerged as a key focus in regional and urban
economic research. Scholars have conducted empirical studies on the factors that influence
the level of new-type urbanization development from a variety of perspectives, including
industry [12], investment [13,14], technology [15,16], and political incentives, such as fiscal
decentralization [17,18]. However, compared with traditional urbanization, new-type
urbanization requires a more balanced consideration of multiple dimensions, including
the population, economy, society, and ecology. This means that there is a competitive
relationship among different aspects when allocating resources. For example, economic
indicators may take priority over social and ecological indicators in the short term. In
China’s top-down government-led urbanization model, this relationship may be magnified
or coordinated by different preferences of local governments. To clarify this relationship,
the decision-making mechanisms of local governments and the performance of new-type
urbanization should be incorporated into a unified analytical framework.

As is well known, China has a hierarchical management system in which superior
governments largely determine the appointment, dismissal, and promotion of subordinate
officials. Empirical studies have shown that there may be multiple dimensions to assessing
performance standards. Among them, GDP growth rate, which is easy to quantify, serves as
the main indicator for assessing officials” performance [19]. It serves not only as a standard
for superior government to evaluate local performance, but also as a “capability signal”
that local officials send to their superiors. The setting of the annual GDP growth rate target
in the government’s work report has been a key factor driving and influencing China’s
economic development since the reform and opening-up policy. In principle, governments
at all levels determine economic growth targets based on historical GDP data, empirical
trend extrapolation, macroeconomic forecasting, or estimates of potential growth rates.
However, in reality, local governments often “add weight” to the target based on superior
government goals when setting economic growth targets, motivated by the desire to demon-
strate their performance and achieve promotion [20]. When the target deviates from the
actual endowments of the region, local governments will face great pressure in promoting
economic growth and will inevitably invest more resources. This will lead to a signifi-
cant reduction in resource allocation in areas such as ecological protection and people’s
livelihood construction that conflict with economic growth, causing imbalanced resource
allocation. This not only damages the quality of economic development, but also ignores
investment in people’s livelihoods, distorts government public financial expenditures, and
thus affects the level of new-type urbanization.
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Within the mechanism through which the setting of economic growth targets affects
the development level of new urbanization, land transfer plays a critical regulatory role. On
the one hand, land transfers represent a significant source of fiscal revenue for local govern-
ments, which can contribute to improving their investment in infrastructure construction
and advancing urbanization. On the other hand, extensive land expansion can also re-
sult in urban sprawl, serious resource mismatch, and environmental pollution, thereby
compromising the quality of urbanization [21]. From the perspective of fiscal expenditure,
exploring the effectiveness of land transfer can help clarify the mechanisms through which
typical local government behaviors influence the relationship between economic growth
and new urbanization.

This paper thus constructs a development indicator system for new-type urbanization
from six aspects: population development, the quality of the economy, society’s quality of
life, space intensification, environmental protection, and urban-rural integration. Using
panel data from 30 provinces in China from 2005 to 2020, the study explores the impact of
economic growth targets on the level of new-type urbanization in different regions and an-
alyzes the pathways through which economic growth targets affect new-type urbanization
in each of the six dimensions.

The possible contributions of this paper are as follows: first, it proposes a unified
research framework for exploring the nonlinear relationship between economic growth
targets and the level of new urbanization development, which expands the research per-
spective on the institutional aspect of new urbanization construction. Second, it regards
public expenditure as a key bridge for the interaction between the two and introduces local
land finance as a moderating variable to explore the mechanism of the effect of economic
growth targets and new urbanization from the perspective of fiscal expenditure. Third,
to further investigate the mechanism of the effect of economic growth targets and new
urbanization, this paper explores the relationship between the six dimensions of new
urbanization and economic growth targets and systematically analyzes the influencing
mechanisms, refining the research on the way of promoting urbanization from the gov-
ernment intervention perspective. This not only expands our understanding of China’s
institutional mechanisms but also provides theoretical recommendations for promoting the
productive and livable urbanization process in other countries around the globe from the
perspectives of target management and public expenditure.

The rest of this paper is structured as follows: Section 2 provides a literature review
and theoretical framework. Section 3 presents the econometric model and data description.
Section 4 discusses the empirical results and analysis. Section 5 concludes with policy
recommendations.

2. Literature Review and Hypothesis
2.1. Literature Review

Unlike traditional urbanization that focuses on population and land, the new-type
urbanization is a new path that achieves high-quality economic development and pro-
motes common prosperity, reflecting the quality aspect of urbanization. Given that the
urbanization process in China is government-led and the behavior of local governments
is constrained by central institutional incentives, local government incentives may affect
the urbanization process by changing and constraining government behavior. In the lit-
erature on local government incentives and new-type urbanization, scholars have almost
exclusively explored the impact mechanism from the perspective of fiscal decentralization.
Therefore, this paper briefly reviews the research on the impact of fiscal decentralization
on new-type urbanization because the impact mechanism has important implications for
exploring the relationship between economic growth targets and new-type urbanization.

The relationship between fiscal decentralization and the development level of new
urbanization is closely related, but there is no consensus in the academic community on
how the two interact. Some scholars consider that fiscal decentralization has a significant
promoting effect on new urbanization and that its mechanism is influenced by the govern-
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ment’s resource control situation [17] and fiscal pressure [18]. Yang and Qiu (2019) found
that the degree of fiscal decentralization and the level of new urbanization have an inverted
U-shaped relationship and studied its mechanism [22]. Ding (2020) posited that the impact
of fiscal decentralization on new urbanization is uncertain. Increasing the level of fiscal
decentralization is important for urban infrastructure construction, but it has a negative
impact on improving the supply of public services [23].

Although Qian and Weingast (1997) attributed China’s strong government incentives
to fiscal decentralization [24], Zhou (2007) argued that the pursuit of economic growth is
the most fundamental and long-term source of incentives for local governments [25]. This
is reflected in the clear annual economic growth targets set by higher-level governments,
which both constrain and stimulate the subjective initiatives of lower-level governments,
emphasizing economic construction at all levels of government. Furthermore, peer govern-
ments refer to and compete with each other in setting economic growth targets, leading
to a “yardstick competition” and “promotion tournament” effect [26], further driving
incentives. This approach has been widely adopted in 49 countries and regions as a macroe-
conomic management system and a means of promoting economic growth [27]. China
has successfully maintained high-speed economic growth for nearly 30 years since the
reform and opening-up period, largely attributed to the establishment and implementation
of economic growth targets. Xu et al. (2018) found that economic growth targets drive
actual economic growth and increase the contribution of capital and investment rates [28].
Liu et al. (2019) conducted empirical tests on urban samples, revealing that for every
1% increase in economic growth targets, regional investment significantly increased by
approximately 0.44% [29]. Huang et al. (2015) studied foreign investment and found
that for every 1% increase in economic growth targets, the level of foreign investment
utilization in the region increased by approximately 0.34 percentage points. Thus, the
role of economic growth targets in promoting “quantity” and “speed” growth cannot be
underestimated [30].

Since 2010, China has entered a “new normal” stage of development, shifting from
pursuing high-speed economic growth to high-quality development. As a result, economic
research has started to shift its focus from “speed” to “quality” when examining the impact
of economic growth targets on various development qualities. However, drawbacks of
economic growth targets have become apparent. Xu et al. (2018) found that for every
1% increase in economic growth target, there is a 1% decline in economic development
quality when studying different policy tools [28]. The methods of setting economic growth
targets, such as the “layer by layer” and “hard constraint” methods, have distorted public
spending [31], inhibited the upgrading of the local service industry structure [32], and
slowed the improvement of total factor productivity [33]. In the “new normal” stage,
economic structure optimization and upgrading require a shift from factor-driven and
investment-driven growth to innovation-driven growth. However, Wang et al. (2021)
found an inverted U-shaped curve relationship between economic growth targets and
regional innovation. That is, when the economic growth target exceeds a certain value,
it significantly inhibits regional innovation [34]. Additionally, because economic growth
targets use GDP growth rate as a single performance measurement standard, local gov-
ernments have pursued a “short, flat, and fast” development model, leading to radical
urbanization [35]. When government pressure increases, environmental protection is of-
ten neglected, leading to a U-shaped relationship between economic growth targets and
environmental pollution [36], enterprise environmental protection investment [37], and
regional energy consumption scale and structure [27].

Both fiscal decentralization and economic growth targets are just types of government
incentive mechanisms and have only an indirect effect on the development of new-type
urbanization. The direct effect still needs to be achieved through specific government ac-
tions. A large number of research results have shown that the government can promote the
development of new urbanization by increasing investment in scientific and technological
innovation [15], attracting foreign investment [13], and promoting local industrial agglom-
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eration [38]. However, attention should be paid to the degree of government intervention,
and the government should play its role in improving the degree of marketization [39].

2.2. Theoretical Hypothesis
2.2.1. Economic Growth Targets and New-Type Urbanization

The establishment of an economic growth target during a specific period can mo-
tivate local governments to introduce a series of policies and support resources aimed
at promoting economic growth. When the target is set within a reasonable range, local
governments can gain a sense of control and confidence in achieving the economic growth
target. After formulating corresponding policy measures, they can listen to various policy
recommendations from higher authorities, actively carry out livelihood construction, focus
on investment in technology innovation, ecological environment protection, and human
capital, increase fiscal expenditure on people’s livelihoods, and shift their focus to long-term
economic development processes, thereby promoting sustainable economic development.
Additionally, the attention given to long-term development allows the government to play
a more significant role in promoting market self-regulation, correspondingly reducing the
level of government intervention. At this point, as the economic growth target increases,
the leading role of the market will gradually become prominent [40], and the construction
and development of the population, economy, and ecological environment will advance in
tandem, improving the level of new urbanization development. In this way, the growth
target becomes a positive driving force.

When the economic growth target is too high compared with normal trends, however,
the driving force will become pressure, which directly affects local officials who are subject
to promotion performance assessments. To achieve significant economic growth within the
year, on the one hand, the government will focus its efforts on changes in GDP and neglect
long-term construction in ecology and livelihoods, sacrificing the quality of urbanization in
pursuit of quantitative economic growth. On the other hand, to achieve the target within
a year, the government will inevitably adopt short-term and quick-effect government
intervention measures, such as continuously increasing the input of production factors and
issuing stronger economic policies. As the target is raised, the government will increase
its level of intervention, ultimately resulting in excessive land development [9], a low
utilization rate of corporate production capacity [41], and crowding out of investment in the
corporate environment [37], among other issues. These consequences will ultimately reduce
the level of new urbanization development in terms of population, economy, ecological
environment, urban—rural disparities, and other aspects. On the basis of this, this article
proposes the following:

Hypothesis 1. There is a nonlinear inverted U-shaped relationship between economic growth
targets and the level of new-type urbanization.

2.2.2. Economic Growth Targets, Public Fiscal Expenditure, and New-Type Urbanization

Public expenditures cover a wide range of areas, including education, science and
technology, social security, and environmental protection. As a crucial instrument for
local governments to pursue regional development, public expenditures play a direct role
in promoting the level of new-type urbanization [42]. Setting economic growth targets
within a reasonable range can boost local governments’ economic development initiatives,
encouraging them to mobilize various resources and methods to achieve development.
As the completion of these goals is relatively easy, local governments are more adept at
promoting economic sustainability while focusing on political policy incentives beyond
GDP, such as the “dual carbon” plan, technological innovation, and the construction of
people’s livelihoods to showcase their achievements to higher authorities. To fully develop
the economy, local governments inevitably increase total government spending while
maintaining a reasonable expenditure structure. Public financial spending will increase
together with constructive spending to promote new-type urbanization development.
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When economic growth targets continue to increase and exceed a reasonable threshold,
development momentum, however, turns into pressure. Local governments may then
begin to pursue short-term economic interests, continuously increasing constructive fiscal
spending to expand investment and production capacity, neglecting people’s livelihood
development, and squeezing out public expenditures. This phenomenon may lead to
investment distortion [9] and inefficient resource allocation, hindering the development
of new-type urbanization. Therefore, local governments should exercise caution when
increasing economic growth targets and strive to maintain a balance between economic
development and public expenditures to achieve sustainable new-type urbanization.

Hypothesis 2. Public expenditures play a mediating role in the inverted U-shaped relationship
between economic growth goals and the level of new-type urbanization development.

2.2.3. Economic Growth Targets, Land Finance, and New-Type Urbanization

The relationship between land finance and urbanization has been a topic of debate in
academic circles. On the one hand, some scholars argue that large-scale land transfers by
local governments accelerate land urbanization [43] but can also create imbalances between
the population and land area, resulting in problems such as “ghost cities” and urban sprawl.
Additionally, the imbalanced price structure of land can inflate the semi-urbanization
rate [44], which damages the sustainability of urban development [9,45]. On the other
hand, some scholars have acknowledged the positive role of land finance in urbanization
from the perspective of public expenditure. For example, Lin and Yi (2011) have argued
that land finance increases public financial expenditure, thus promoting land urbanization
in Jiangsu Province in China from a political economy perspective [46]. Similarly, Lu et al.
(2019) have found that while land finance generally increases semi-urbanization, it can also
weaken the effect of half-urbanization by raising public expenditure [47].

In this paper, we consider the role of land finance in the relationship between economic
growth targets and new-type urbanization, which depends on the balance between its
contribution to new-type urbanization through public expenditure and the harm caused by
the distortion of the population-land relationship, as well as the magnitude of the various
dimensions of new-type urbanization indicators. If the level of new-type urbanization
brought about by land finance through public expenditure is too high compared with
the structural imbalances that it causes, then land finance will have a negative effect
on the inverted U-shaped relationship between economic growth targets and new-type
urbanization. The inflection point will shift to a higher target level, the curve will flatten,
and the negative effect will be delayed. Conversely, if the level of new-type urbanization
brought about by land finance through public expenditure is low compared with the
structural imbalances that it causes, then land finance will have a positive effect. It will shift
the inflection point to a lower target level, the curve will flatten, and the negative effect
will occur earlier. On the basis of this, the following two possible hypotheses are proposed:

Hypothesis 3. Land finance negatively moderates the inverted U-shaped relationship between
economic growth targets and new-type urbanization by increasing public expenditure, delaying the
negative impact to a higher target level.

Hypothesis 4. Land finance positively moderates the inverted U-shaped relationship between
economic growth targets and new-type urbanization, bringing forward the negative impact to
a lower target level.

2.2.4. Pathway Mechanisms

The impact of economic growth targets on new-type urbanization may be realized
through the six dimensions of new-type urbanization, and their relationship needs to be
further tested. Meanwhile, the various expenditures related to public spending, such as
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science, education, culture, health, social security, and environmental protection, need to be
implemented through specific construction measures. This study investigates the pathways
and mechanisms of their impact within this framework.

The following is a translation of the text into academic English using “new-type
urbanization” and “economic growth targets” for the corresponding Chinese terms.

Economic growth targets and population development: The construction of infrastruc-
ture and public services is an important driving force for promoting population migration
to cities [48,49]. An increase in economic growth targets within a reasonable range may
stimulate local governments to be more proactive in infrastructure and public service
development, improve transportation, and raise the levels of healthcare and education,
thereby attracting rural and even out-of-province residents to migrate inward and improve
population development. However, when the pressure to achieve economic growth targets
is too great, investments in infrastructure and public services may be deferred or reduced
in the short term, hindering population development.

Economic growth targets and economic quality: Innovation is an important engine
for improving the quality of regional economic development. As economic growth targets
increase, governments may increase subsidies and investment in corporate innovation
to enhance the core competitiveness of their regions. However, when economic growth
targets reach a certain limit, further increases may make governments subservient to GDP
growth, leading them to adopt “quick and dirty” economic development strategies and
gradually abandon long-term development methods such as technological innovation.

Economic growth targets and people’s livelihoods: Social security is a fundamental
project in urban construction that enhances citizens’ social welfare and raises their living
standards. When economic growth targets are relatively low, local governments may
pay more attention to the sustainable development of people’s livelihoods and social
development, which also maintains their political reputation. Governments will prioritize
the improvement of social security and employment protection, thereby raising people’s
living standards. However, when economic growth targets are set too high, social security
may be neglected, and people’s living standards may not be sustained.

Economic growth targets and spatial intensification: As economic growth targets
increase, local governments are bound to use land transfers to increase revenue and
carry out economic development. However, large-scale land transfers can directly lead
to an imbalance between population and land area, resulting in urban sprawl, which is
unfavorable for spatial intensification development.

Economic growth targets and ecological civilization: Energy structure reflects the
use of clean and highly polluting energy in a region, and optimizing energy structure is
conducive to ecological civilization progress. An increase in economic growth targets may
cause governments to neglect the adjustment of energy structure, thereby affecting regional
environmental levels.

Economic growth targets and rural-urban integration: Finance, as a manifestation of
science and technology in public expenditure, has an important influence on rural-urban
integration. In the primary stage of financial development, financial resources tend to
concentrate in cities, leading to an increasing gap in technology, capital, and other resources
between urban and rural areas, reducing rural-urban integration. However, as financial
levels improve, financial resources begin to spread from cities to rural areas, narrowing the
urban-rural gap and increasing integration [50]. An increase in economic growth targets
may reduce a company’s total factor productivity and financial technology innovation,
thereby inhibiting financial development.

The research framework of this article is illustrated in Figure 1:
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Figure 1. Research framework.

3. Materials & Methods
3.1. Model Settings
3.1.1. Benchmark Model

To test the nonlinear relationship between economic growth targets and the level of new-
type urbanization, this study refers to Chai (2022) [27] and establishes the following model:

nurby = Bo + Prtargets + ,thargetizt + Z Xt +vi + A + e €))

where nurby, target;, and Xj; represent the level of new-type urbanization, economic
growth targets, and other control variables of province i in year f, respectively. ; and A; are
province fixed effects and year fixed effects, respectively, and ¢; is the random disturbance
term. When 8, <0, there is an inverted U-shaped relationship between the two. Notably,
owing to the large differences in sample data values, this paper takes the logarithmic form
of the variables for regression.

3.1.2. Mediation Effect Model

This paper refers to MacKinnon (2000) [51] to test the mediating effect of public
expenditure between economic growth targets and the level of new-type urbanization. The
model is set as follows:

M = 0y + 61 target; + 92target12t + Z Xt +vi+ A+ ey (2)

nurby = 0) + 0] target;, + Ohtargety + 05 My + Y oXir + i + At + €4t (3)

where Mj; is the intermediate variable of government intervention, and the intermediate
variable model consists of Equations (2) and (3). Equation (3) tests the effect of economic
growth targets on the intermediate variable, while Equation (4) tests the effect of economic
growth targets and the intermediate variable on new-type urbanization. There are two
forms of the inverted U-shaped mediating effect model, and the other form is as follows:

M = 1o + natargety + Y oXir + i + At + €5t 4)

nurb;; = 176 + U{targetit + Uﬁtargetlzt + UéMit + iyflet + Z eXit +vi+ A+ (D)

There is a nonlinear relationship between the intermediate variable and the
dependent variable.
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3.1.3. Moderate Effect Model

To further investigate the impact of economic growth targets on the level of new-
type urbanization and to examine the moderating effect of land finance on the overall
relationship as well as the effect of public financial expenditure, the following interaction
term between land finance and economic growth targets and its square are added to
models (2) and (3):

pexpy = &g + xitarget; + txztargetizt -+ agtarget; X r_pricej + Mtargeti X r_pricej + Z eXit +vi + A+ €y

The variable r_price;; represents land finance. Haans et al. (2016) [52] stated that when
ag > 0, the moderating effect makes the original inverted U-shaped curve flatter, indicating
a negative moderating effect. When o oy ap otz > 0, the inflection point shifts to the right.

3.2. Description of Variables
3.2.1. Explanatory Variable: The Development Level of New Urbanization

On the basis of the theoretical connotation of new-type urbanization as human-
centered, synergistic, inclusive, and sustainable, the new-type urbanization development
level system established in this paper contains 27 indicators in six dimensions, as shown in
Table 1: population development, quality of the economy, ecological civilization, people’s
quality of life, spatial intensification, and urban-rural integration.

Table 1. New urbanization development level index system.

nurby = af + o targety + abtarget’, + altarget; x T priceit + wytarget?, x Ppriceit + 05pexpie + Y Xi +vi + At + €3t

(6)
@)

Target

Dimension Index

Direction

[2A9] uonezrueqin adA3-maN

Urbanization rate

Population development Unemployment rate
Number of students enrolled in higher education per 100,000 population
Per GDP
Economic quality Share of secondary and tertiary industries in GDP

Fixed asset investment per capita

Urban disposable income per capita
Share of education spending in GDP
Number of health technicians per 1000 population
Number of beds in medical and health institutions per 1000 population
Public transport vehicles per 10,000 people
Social life Public toilets per 10,000 people
Library collection of 100 people
Urban pension insurance coverage rate
Urban unemployment insurance penetration rate
Urban water access rate
Urban gas penetration rate

Built-up area
Space intensification Urban population density
Paved road area per capita

Urban wastewater treatment rate
Green space per capita
Ecological civilization Greening coverage of built-up areas
Pollution-free domestic waste disposal rate
Industrial sulfur dioxide emissions

B T T T T et

Income ratio between urban and rural residents

Income ga . . .
gap Expenditure ratio of urban and rural residents

Population development: The urbanization rate shows the process of rural labor force
concentrating in cities, and the proportion of urban resident population rises. The urban
unemployment rate is both a consideration for the transfer of the rural population to cities
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and a measure of the substantive results of urbanization based on the employment rate, and
the rural labor force must achieve employment after transfer to be considered urbanized.
Gradually, the quality of the population is improved as the rural population is exposed to
the educational resources in the cities, and the number of students in higher education per
100,000 population is used as an evaluation of the quality of the population.

Economic quality: Urbanization and economic development mutually interact and
promote each other. In addition to GDP per capita, which measures economic growth, in-
dustrial restructuring, and fixed asset investment are important tools to promote economic
construction and improve the quality of economic development.

Social life: The quality of people’s lives is the direct manifestation of the “people-
oriented” concept of new urbanization. The construction and protection level of regional
public services is the key to reflecting whether the rural migrant population is truly inte-
grated into the city. As the degree of social humanity increases, it becomes more attractive
to the rural population, and people’s sense of belonging becomes stronger.

Spatial intensification: The construction of new urbanization requires a scientific and
compact spatial pattern. It means increasing the urban land area at the same time as the
urbanization rate of the population rises so as to realize the balanced development of urban
and rural areas. The built-up area, paved road area per capita, and population density
reflect the spatial layout of urbanization.

Ecological civilization: The degree of ecological civilization reflects the sustainable
development level of the new urbanization, and handling pollution and environment-
friendly construction are two important criteria for evaluating the ecological livability of an
area. In terms of pollution control, the pollution-free treatment rate of urban sewage and
domestic garbage and sulfur dioxide emissions are selected, and for ecological protection,
the area of green space in parks and the greening coverage of built-up areas are effective
statistical factors.

Urban-rural integration: Urban-rural integration is a comprehensive, coordinated,
and fair view of development, which emphasizes urban-rural equality to solve the dual-
structure problem. This paper selects two indicators to evaluate the degree of urban-rural
integration: the ratio of the income level of urban and rural residents and the ratio of the
consumption level of urban and rural residents.

This paper adopts the entropy weighting method to calculate the weights of the
indicators. The entropy method is an objective assignment method in the specific use of
the process; according to the dispersion of the data of each indicator, the entropy weight of
each indicator is calculated using the information entropy so as to obtain a more objective
indicator weight. To a certain extent, it circumvents the bias of subjective factors.

To eliminate the influence brought by the index scale and unit, standardized dimen-
sionless processing is carried out first. The specific steps are as follows.

For the indexes with larger entropy weights indicating a higher development level
of new urbanization, the positive index calculation formula is used for processing, as in
Equation (8).

o xi]'—min{xij} - e
Xlt_max{xij}—min{xij} i1=12,....mj=12,...,n (8

When a larger entropy weight of the indicator indicates a lower level of new urbaniza-
tion development, the negative indicator calculation formula is used for processing, as in
Equation (9).

max{x,»j} — Xjj

X = i=12,....mj=12,...,n 9

max{x;;} —min{x;} =
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Calculate the weight of the indicator value of the j indicator in the 7 year.

rom (10)
YO X

Calculate the entropy value of the j indicator.

1 m
ej = ——— Y Xjj X InX;; (11)
! Inm =

Calculate the coefficient of variability of the j indicator.

Calculate the weight of the j indicator.

Si
Wi = =5 (13)
j=18i

The final composite score of each indicator S;.
n
Si = Z(UJX,] (14)
j=1

3.2.2. Explanatory Variables

Core explanatory variable: Following Chai (2022) [27], this study obtained economic
growth targets from the annual government work reports released in January each year by
30 provinces in China.

Mediating and moderating variables: This study selected the sum of six categories
of government public expenditures, including science, education, culture, health, social
security and employment, and environmental protection, as measures of government
public financial expenditure. The proportion of land transfer prices to government fiscal
revenue was used as a measure of land finance.

Control variables: This study introduced control variables from the aspects of trade,
financial development, regional innovation, infrastructure construction, energy structure,
and wages. The ratio of total import and export trade volume to regional GDP was used
as the trade factor (trade), the proportion of financial value-added to GDP was used as
the local financial development level (fc), the number of patents per capita was used to
measure regional innovation (ppat), traffic density was used to measure infrastructure
construction (inf), the proportion of coal consumption to primary energy consumption
was used as the energy structure (ES), and average employee wages were used as income
status (wage).

3.2.3. Data Source and Description

The present study uses panel data from 30 provinces in China from 2005 to 2020.
The variables are mainly obtained from government work reports, including the “China
Statistical Yearbook”, “China Environmental Statistical Yearbook”, and other sources.
Owing to changes in statistical methods, public fiscal expenditure data for the period from
2007 to 2020 were used, while land transfer data were obtained from the Land Market
Network and aggregated at the provincial level. Missing data were imputed using linear
interpolation and mean value methods. Descriptive statistics for all variables are presented
in Table 2.
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Table 2. Descriptive statistics of variables.

Variables Obs Mean Std. Dev Min Max
nurb 480 0.288 0.099 0.089 0.633
target 480 9.227 2.045 3.800 15.000
pexp 420 1855.523 1362.883 101.347 8981.460
r_price 480 1.450 11.414 0.000 212.268
trade 480 28.824 32.573 0.711 166.816
fc 480 5.763 3.234 0.607 19.910
ppat 480 8.189 11.554 0.145 74.383
inf 480 89.268 51.043 4.267 222.542
ES 480 0.952 0.410 0.025 2.461
wage 480 5.018 2.758 0.739 17.818

Using the aforementioned indicators and entropy weighting method to obtain data,
this study presents the development level of new urbanization in 2005, 2010, 2015, and
2020 in a visual form to observe changes and distribution characteristics. The results are
shown in Figure 2.
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Figure 2. Development level of new-type urbanization.

From 2005 to 2020, the overall level of new-type urbanization gradually increased,
with the new-type urbanization development level of the 30 provinces reaching above 0.3 in
2020. The regional distribution of the new-type urbanization level is also very evident, with
Beijing, Tianjin, and the coastal provinces in eastern China maintaining a relatively high
level of new-type urbanization development, while the provinces in central and western
China have been developing more slowly and have always lagged behind the southeastern
coastal areas. This visualization result provides a theoretical basis for the subsequent
analysis of regional and temporal heterogeneity.
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4. Results
4.1. Baseline Regression Result

Table 3 presents the baseline regression results of the relationship between economic
growth targets and the new-type urbanization development level. The first column of
Table 3 reports the results without control variables but controlling for province and time
effects. The coefficient of the first-order term of economic growth targets is significantly
positive at the 1% level, whereas the coefficient of the second-order term is significantly
negative at the 1% level. Columns (2)—(4) gradually add control variables while controlling
for province and time effects. The coefficients of the first- and second-order terms are still
significantly different from zero at the 1% level, indicating a nonlinear inverted U-shaped
relationship between economic growth targets and the new-type urbanization development
level. Thus, hypothesis 1 is supported, indicating that the effect of economic growth targets
on new-type urbanization is first to promote and then to inhibit. The inflection point is
X1 = —a1/2a = 11.94. It was found that 13.5% of the economic growth targets are above
11.94, and these provinces are mostly located in the central and western regions. Therefore,
most of the economic growth targets currently formulated in China are in the promotion
stage of new-type urbanization.

Table 3. Impact of economic growth targets on the level of urbanization development.

Nurb
Variables
D ) (3) (€Y
target 0.0241 *** 0.0207 *** 0.0196 *** 0.0191 ***
(7.848) (6.728) (6.607) (6.396)
target2 —0.0011 *** —0.0009 *** —0.0009 *** —0.0008 ***
(—6.957) (—5.913) (—5.873) (—5.721)
Intrade 0.0056 ** 0.0075 *** 0.0078 ***
(2.380) (3.317) (3.432)
fc —0.0029 *** —0.0032 *** —0.0032 ***
(—4.136) (—4.809) (—4.735)
ppat 0.0006 *** 0.0007 ***
(5.416) (5.697)
Ininf 0.0351 *** 0.0351 ***
(5.220) (5.226)
ES 0.0064
(1.165)
Inwage 0.0175 *
(1.653)
_cons 0.0417 *** 0.0514 *** —0.0713 ** —0.0802 ***
(2.589) (2.835) (—2.491) (—2.718)
Year FE Yes Yes Yes Yes
Province FE Yes Yes Yes Yes
N 480 480 480 480
R-sq 0.9695 0.9711 0.9737 0.9739

t-statistics in parentheses. * p < 0.1, ** p < 0.05, ** p < 0.01.

4.2. Mechanism Analysis
4.2.1. Mediating and Moderating Effect

The inverted U-shaped relationship between economic growth targets and the level
of new-type urbanization is directly related to government behavior, which intervenes
in economic development by allocating different fiscal expenditures. Table 4 presents
the mediating effects of public expenditure on this relationship in models (2) and (3). In
model (2), which examines the effect of economic growth targets on public expenditure,
the first-order coefficient is significantly positive at the 1% level, while the second-order
coefficient is significantly negative at the 5% level. This suggests an “initial promotion,
then suppression” inverted U-shaped relationship between economic growth targets and
public expenditure. Column (2) examines the relationship between public expenditure
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and new-type urbanization and finds that public expenditure promotes the development
of new-type urbanization and is significant at the 1% level. This indicates that public
expenditure plays a partial mediating role in the inverted U-shaped relationship between
economic growth targets and the level of new-type urbanization, as higher economic
growth targets lead to increased government expenditure on people’s livelihoods, which
promotes the development of new-type urbanization but eventually results in a decline in
its level. Therefore, hypothesis 2 is verified.

Table 4. Mediating and moderating effects.

Lnpexp Nurb Lnpexp Nurb
Variables
(2) 3) 6) )
target 0.0586 *** 0.0129 *** 0.1147 *** 0.0202 ***
(3.605) (4.823) (5.784) (5.916)
target2 —0.0017 ** —0.0006 *** —0.0042 *** —0.0009 ***
(—2.151) (—4.758) (—4.428) (—5.854)
Inpexp 0.0523 *** 0.0436 ***
(6.215) (5.055)
c.target#c.r_price —0.1061 *** —0.0127 ***
(—4.930) (—3.456)
c.target2#c.r_price 0.0046 *** 0.0005 ***
(4.863) (3.423)
r_price 0.6134 *** 0.0731 ***
(4.996) (3.490)
_cons 3.6731 *** —(0.2848 *** 3.4410 *** —0.2812 ***
(14.067) (—5.442) (13.398) (—5.433)
Controls Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Province FE Yes Yes Yes Yes
N 420 420 420 420
R-sq 0.9889 0.9768 0.9897 0.9777

t-statistics in parentheses. ** p < 0.05, *** p < 0.01.

The regulatory effect of land finance in the first stage of mediation was examined, and
after adding the cross-product terms of land and targets and their quadratic terms, the
first- and second-order terms of economic growth targets on public expenditure passed the
significance test at 1%, still showing an inverted U-shaped relationship. The coefficient of
the square cross-product term between land finance and economic growth targets is signifi-
cantly positive, indicating that the negative regulatory effect of government competition
on the inverted U-shaped relationship between economic growth targets and new-type
urbanization is significant, and the inverted U-shaped curve becomes flatter. According
to the inflection point displacement discrimination, oj oy — gtz > 0, indicating that the
inflection point shifts to the right, the existence of land finance makes the reduction effect of
economic growth targets on public expenditure occur at a higher level of economic growth
target. As a moderated mediation model, land finance plays a negative regulatory role
in the relationship between economic growth targets and new-type urbanization, making
the overall inflection point shift to the right and the inhibitory effect of economic growth
targets on new-type urbanization occurs at a higher level of economic growth target. This
indicates that the positive impact of land finance through public expenditure outweighs its
negative effects, such as land expansion. Thus, Hypothesis 3 is confirmed.

To visually demonstrate the moderating effect of the moderator variable on the in-
verted U-shaped relationship in the first stage of the mediation model, this study presents
a quadratic function plot showing the shape and position of the inverted U-shaped curve
at two levels of land finance, high and low (selected at the 25th and 75th percentiles,
respectively), as shown in Figure 3.
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Figure 3. Moderating effect of land finance on public expenditure.

The above figure shows that as land transfer income increases, the turning point of the
curve occurs at a higher economic growth target and a higher level of public expenditure.
This indicates that through increasing financial revenue and expenditure, land finance also
raises the level of public expenditure, causing the inhibitory effect of economic growth
targets on public expenditure to occur at higher target levels.

4.2.2. The Pathway of Economic Growth Targets on New-Type Urbanization

On the basis of theoretical analysis and research hypotheses, this paper further ex-
amines the paths through which economic growth targets affect new-type urbanization
from six aspects: population development, quality of the economy, people’s livelihoods,
spatial intensification, ecological civilization, and urban-rural integration, and explores the
specific impacts of economic growth targets on these six dimensions. Table 5 reports the
effects of economic growth targets on each component.

Table 5. Impact of economic growth targets on the six dimensions of new urbanization.

Variables Popu Eco Soc Space Envi Gap
target 0.0254 *** 0.0574 *** 0.0056 —0.0013 0.0282 ** 0.0504 ***
(4.065) (7.387) (1.505) (—0.846) (2.407) (3.769)
target2 —0.0010 ***  —0.0028 *** —0.0002 —0.0012 **  —0.0019 ***
(—3.383) (—7.319) (—0.889) (—2.093) (—2.893)
_cons —0.1519 **  —0.2014 *** —0.0522 0.2061 *** —0.1583 —0.6052 ***
(—2.463) (—2.621) (—1.422) (2.876) (—1.369) (—4.580)
Controls Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes
N 480 480 480 480 480 480
R-sq 0.8189 0.9579 0.8860 0.7973 0.9082 0.8555

t-statistics in parentheses. ** p < 0.05, *** p < 0.01.

The above models all include control variables that control for provincial and time
effects. It can be found that in the dimensions of population development, quality of
the economy, ecological civilization, and urban-rural coordination, there are significant
positive coefficients for the linear term and significant negative coefficients for the quadratic
term, indicating that there is an inverted U-shaped relationship between economic growth
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targets and the above four dimensions. However, the regression results of economic growth
targets on people’s livelihoods and spatial intensification are not significant, which is
not consistent with the above hypothesis. Subsequent path analysis will not discuss the
mediating mechanism in the dimensions of people’s livelihoods and spatial intensification.

Path analysis indicates that the economic growth target mainly affects the new ur-
banization through four aspects: population development, economic quality, ecological
civilization, and urban-rural coordination. When the economic growth target is raised
within a reasonable range, the reasons for the improvement in population development,
economic quality, ecological construction, and urban-rural coordination may come from
two aspects. First, the means by which local governments promote economic growth
include various aspects, such as increasing the urbanization rate, adopting green technolo-
gies, and narrowing the urban-rural gap. These means promote the development of the
other three dimensions while enhancing the economy. Second, from the perspective of
multiple political achievements, when officials estimate that strong incentive targets, such
as GDP growth rates, can be achieved, they may allocate their efforts to other political
achievements. Some aspects of population development, ecological construction, and
urban-rural coordination may be the government’s goals. However, when the economic
growth target is set too high, the government overly focuses on short-term economic
growth, which squeezes out resources from the other three aspects and also constrains the
improvement of economic quality. Overall, there is actually a resource competition rather
than a coordinated development relationship between economic growth and population
development, economic quality, ecological construction, and urban-rural coordination. The
reason why there is no significant effect on people’s lives and space intensity may be due
to insufficient incentives from the central government in these two aspects, which results
in officials not paying attention to their development compared to other aspects, or there is
no coordinated development or resource competition between economic growth and these
two aspects. This provides evidence and inspiration for the relationship and trade-offs
among various indicators of new urbanization.

4.2.3. The Pathway Mechanism Analysis

Columns (1) and (2) in Table 6 show the mediating effect of infrastructure investment
on population development. The coefficient of the first-order term of economic growth
targets is significantly positive at the 5% level, while the coefficient of the second-order
term is significantly negative at the 10% level in Column (1), indicating that an increase in
economic growth targets initially leads to an increase and then a decrease in infrastructure
investment. In Column (2), infrastructure investment significantly promotes population
development at the 1% level. Columns (3) and (4) show the mediating effect of regional
innovation on the quality of the economy. The coefficient of the first-order term of economic
growth targets is significantly positive at the 1% level, while the coefficient of the second-
order term is significantly negative at the 1% level in Column (3), indicating that a rise in
economic growth targets initially leads to an increase and then a decrease in innovation
investment. In Column (4), regional innovation significantly promotes economic quality at
the 1% level. Columns (5) and (6) show the mediating effect of energy structure adjustment
on environmental protection. Economic growth targets suppress energy structure adjust-
ment at the 1% level in Column (5), while the coefficients of the first-order and second-order
terms of energy structure adjustment are significantly positive at the 1% level in Column (6),
indicating a U-shaped relationship between energy structure adjustment and environmen-
tal protection. Columns (7) and (8) show the mediating effect of financial development
on urban-rural coordination. Economic growth targets significantly suppress financial
development at the 1% level in Column (7), while the coefficient of the second-order term
of financial development is significantly positive at the 1% level, indicating a U-shaped
relationship between financial development and urban-rural coordination.
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Table 6. Pathway mechanism.

. Lninf Popu Lnppat Eco InES Envi Lnfc Gap
Variables
1) (2) 3) @) (5) (6) (7) (8)
target 0.0433 ** 0.0254 *** 0.2669 *** 0.0574 *** —0.0267 *** 0.0284 ** —0.0255 *** 0.0552 ***
(2.028) (4.065) (4.637) (7.387) (—3.212) (2.432) (—3.099) (4.190)
target2 —0.0017 * —0.0010 ***  —0.0127 ***  —0.0028 *** —0.0012 ** —0.0022 ***
(—1.666) (—3.383) (—4.491) (—=7.319) (—2.149) (—3.328)
ppat —0.0052 ***  —0.0018 *** 0.0041 *** —0.0156 **  —0.0025 ***  —0.0088 ***  —0.0042 ***
(—6.363) (—7.065) (13.063) (—9.587) (—5.105) (—5.286) (—7.503)
Ininf 0.0587 *** 0.6800 *** 0.0191 0.1064 0.0661 ** —0.0413 0.1912 ***
(4.182) (5.491) (1.091) (1.110) (2.511) (—0.441) (6.424)
InES 0.1059 ***
(4.717)
InES2 0.0269 ***
(4.583)
Infc —0.0960 ***
(—3.276)
Infc2 0.0323 ***
(3.068)
_cons 3.3472 *** —0.1519 %  —4.2384 ***  —(.2014 *** —0.0325 —0.0542 1.2503 *** —0.5981 ***
(24.343) (—2.463) (—=7.912) (—2.621) (—0.088) (—0.484) (3.378) (—4.615)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes Yes Yes
N 480 480 480 480 480 480 480 480
R-sq 0.8738 0.8189 0.9446 0.9579 0.3474 0.9084 0.8316 0.8590

t-statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

The results indicate that although local governments have certain discretion in gov-
erning local affairs, their behavior is constrained by the incentives set by the central
government. The impact of economic growth targets on government behavior also re-
veals a “crowding-out effect” of the pursuit of economic growth by local governments
on measures such as energy structure adjustment, financial development (which reflects
the degree of regional marketization to some extent), and other related measures. With
regard to infrastructure construction and regional innovation, within a reasonable range,
pursuing economic growth goals can have a promoting effect. However, beyond a certain
limit, the government will reduce investment in measures that have slow effectiveness,
such as infrastructure and innovation incentives, and allocate more resources to promote
economic growth.

4.3. Heterogeneity Analysis
4.3.1. Time Heterogeneity

In 2014, the Chinese economy entered the “new normal” phase, and the central
government began to consciously lower its economic growth targets. On the one hand, the
size of the Chinese economy had reached a certain scale and its growth had undergone
structural deceleration, making it no longer realistic to pursue high growth rates. On
the other hand, the central government gradually became aware of the drawbacks of
rapid growth and began to transition from high-speed economic growth to high-quality
development. At the same time, the concept of “new urbanization” was officially proposed
in that year, and local officials responded to the call, striving to stand out and set an example
in the movement of new-type urbanization construction in order to achieve promotion.
Therefore, this paper takes 2014 as a time node and conducts empirical research on the data
from 2005 to 2013 and from 2014 to 2020.

Table 7, Column (1) and (2) indicate that the effect of economic growth targets on
new-type urbanization exhibits time heterogeneity. Prior to 2014, the impact of economic
growth targets on new-type urbanization followed an inverted U-shaped curve, while
after 2014, economic growth targets promoted the improvement of the level of new-type
urbanization. This suggests that the relationship between the two factors changes with the
evolution of central policies and priorities. Before 2014, economic growth was the core task,
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so GDP growth rate had a stronger incentive effect. Local officials often set higher growth
targets to showcase their personal abilities, which led to excessive concentration of local
government resources on a single indicator, causing the level of new-type urbanization
construction to increase first and then decrease with the increase of economic growth
targets. After 2014, high-quality development became the core task, and economic growth
targets remained within a reasonable range. Local officials have been steadily promoting
coordinated development in various areas of the region, thus ensuring the high-level
development of new-type urbanization involving multi-dimensional efforts.

Table 7. Regional and time heterogeneity.

Year < 2014 Year > 2014 East Middle West
Variables
(V)] ) 3) @ (5)
target 0.0210 *** 0.0016 * 0.0068 *** 0.0189 *** 0.0146 ***
(2.806) (1.746) (4.878) (2.918) (4.006)
target2 —0.0008 ** —0.0009 *** —0.0007 ***
(—2.439) (—2.660) (—4.396)
_cons —0.0863 0.1353 0.1135 0.1128 ** —0.0579
(—1.652) (1.553) (1.454) (2.092) (—1.344)
Controls Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes
N 270 210 176 128 176
R-sq 0.9451 0.9392 0.9728 0.9907 0.9871

* t-statistics in parentheses. *p < 0.1, ** p < 0.05, ** p < 0.01.

4.3.2. Regional Heterogeneity

The data suggest that the central and western regions of China have higher actual
economic growth rates and growth targets compared to the eastern region. This is mainly
due to the inclination of national regional development policies, acceleration in absorbing
foreign investment, and concentration of advanced manufacturing industries, which are
reflected in the GDP growth rate. However, the eastern developed regions may slow down
their economic growth targets strategically due to the central government’s preference for
adjusting the regional economic structure towards underdeveloped areas, resulting in the
phenomenon of higher growth targets in the west and lower targets in the east. Therefore,
this paper divides China into three regions: east, central, and west, and conducts empirical
research on the relationship between economic growth targets and new-type urbanization.

Table 7, Columns (3)—(5) show that the effect of economic growth targets on new-type
urbanization has regional heterogeneity. In the eastern region, economic growth targets
have a significant promoting effect on the level of new-type urbanization; in the central
and western regions, the inverse U-shaped relationship remains, with promotion followed
by suppression. This may be due to differences in regional economic development levels,
where local governments at similar economic levels compete with each other. The task of
underdeveloped regions in central and western China is to improve the economic level and
narrow the regional economic gap. Therefore, the competition among local governments is
focused on the GDP growth rate to showcase their political achievements. On the other
hand, as the pioneers and demonstration areas of China’s development, the eastern region
should undertake the staged task of high-quality national development, simultaneously
promoting the development of people’s livelihoods, ecology, and other aspects while
ensuring a certain level of economic growth. At this time, the competition for political
achievements will be more reflected in other areas beyond economic growth.

This inference is also validated by the path analysis of the eastern region presented
in Table 8. In the eastern region, economic growth targets have a significant promoting
effect on the local ecology and people’s livelihoods, indicating that after a certain level of
economic development is achieved, local governments will pay more attention to the gov-
ernance of non-economic affairs in the region. Although this emphasis may be attributed
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to the decisions and choices of local governments to some extent, it is mainly due to the
issuance and incentive setting of non-economic policies by the central government.

Table 8. Path analysis of the eastern region.

Variables Popu Eco Soc Space Envi Gap
target 0.0362 ** 0.0609 *** 0.0093 *** 0.0035 0.0191 *** 0.1029 ***
(2.100) (3.088) (4.907) (1.053) (4.179) (3.699)
target2 —0.0020 **  —0.0030 *** —0.0059 ***
(—2.271) (—3.010) (—4.120)
_cons 0.1959 0.6845 *** —0.2510 ** 0.3042 —0.1736 —0.2062
(1.019) (3.115) (—2.365) (1.636) (—0.681) (—0.665)
Controls Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes
N 176 176 176 176 176 176
R-sq 0.7483 0.9692 0.8761 0.8410 0.9010 0.7877

t-statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. * Since the results of the central and western regions
are consistent with the overall results, they are not presented in the article.

4.4. Robustness Analysis
4.4.1. Regression with a Single Indicator as the Dependent Variable

As multidimensional indicators may suffer from problems such as multicollinearity,
endogeneity, and masking of causal relationships between variables in causal analysis, this
paper adopts a single indicator to represent the robustness test of the new urbanization
results. Regardless of whether the pilot work of new urbanization progresses vigorously or
the connotation of urbanization continues to enrich, it ultimately reflects the rural residents’
migration to cities. Moreover, although China’s urbanization is mainly driven by the
government, residents still have the right to “vote with their feet”. As the level of urban
economic development improves, public infrastructure is optimized, and the public welfare
system is improved, rural residents will spontaneously choose to migrate to cities [53].
Therefore, this paper selects population urbanization (urb), which measures the ratio of
the number of urban residents to the total population of the region, as a single dimension
measure of the new urbanization. The benchmark results and mechanism test results are
shown in Table 9:

Table 9. Regression with a single indicator as the dependent variable.

Urb Lnt_Exp Urb Lnt_Exp Urb
Variables
@ () 3) @) 5)
target 2.0263 *** 0.0586 *** 1.1210 *** 0.1147 *** 2.3425 ***
(4.909) (3.605) (2.879) (5.784) (4.728)
target2 —0.0851 *** —0.0017 ** —0.0508 *** —0.0042 *** —0.1043 ***
(—4.203) (—=2.151) (—2.656) (—4.428) (—4.454)
Int_exp 7.2145 *** 5.7916 ***
(5.887) (4.634)
c.targetfc.r_price —0.1061 *** —2.1056 ***
(—4.930) (—3.961)
c.target2#c.r_price 0.0046 *** 0.0913 ***
(4.863) (3.928)
r_price 0.6134 *** 12.1260 ***
(4.996) (3.996)
Controls Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes
_cons 12.9710 *** 3.6731 *** —14.5281 * 3.4410 *** —14.0345 *
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Table 9. Cont.

Urb Lnt_Exp Urb Lnt_Exp Urb
Variables
(¥Y) (2 3) @ (5)
(3.179) (14.067) (—1.907) (13.398) (—1.872)
N 480 420 420 420 420
R-sq 0.9300 0.9889 0.9335 0.9897 0.9367

t-statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

4.4.2. Robustness Test

This paper employed the variable substitution method to test the robustness of the
model by introducing the lagged economic growth targets. The results of the test, as shown
in Table 10, indicate that the significant results of the first- and second-order terms of the
new-type urbanization level and its six dimensions remain the same after the variable
substitution, demonstrating the robustness of the model.

Table 10. Robustness test.

Variables Nurb Popu Eco Soc Space Envi Gap
L.target 0.0247 *** 0.0259 *** 0.0847 *** 0.0046 —0.0021 0.0299 ** 0.0480 ***
(7.362) (3.507) (9.590) (1.085) (—1.461) (2.278) (3.154)
L.target2 —0.0011 *** —0.0010 *** —0.0039 *** —0.0002 —0.0012 ** —0.0015 **
(—6.712) (—2.802) (—9.166) (—0.775) (—1.976) (—2.109)
_cons —0.1172 *** —0.1306 —0.4013 *** —0.1868 *** 0.3691 *** 0.6486 *** —1.2408 ***
(—2.844) (—1.442) (—3.702) (—3.555) (3.651) (4.028) (—6.636)
Controls Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes Yes
N 450 450 450 450 450 450 450
R-sq 0.9752 0.8048 0.9602 0.8913 0.8002 0.9065 0.8675

t-statistics in parentheses. ** p < 0.05, *** p < 0.01.

4.4.3. Endogeneity Test

The endogeneity problem arises for two reasons: first, the explanatory variable and
the dependent variable are mutually causal; and second, important explanatory variables
are omitted. In this study, the government formulates corresponding growth targets based
on the recent economic development status of the region, while the new-type urbanization
development level involves multiple dimensions. When the government sets targets, it may
also consider a certain factor of new-type urbanization, causing mutual causality between
the two and resulting in the endogeneity problem.

Due to the fact that the formulation of economic growth targets in a given year is
based on the previous year’s targets and the actual GDP growth rate, but the previous
year’s economic growth targets and the actual GDP growth rate are not affected by the
level of new-type urbanization in that year, it conforms to the setting of instrumental
variables. Therefore, following the approach of Xu et al. (2018) [28], this study selects the
lagged economic growth target and the lagged actual economic growth rate as instrumental

variables and conducts two-stage least squares regression to re-examine the baseline results.

As shown in Table 11 the results indicate that the first- and second-order terms of the
economic growth target and the effect of public expenditure on new-type urbanization are
still significant after introducing the instrumental variables and pass the significance test at
the 1% level, indicating that the mediation effect model still holds.
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Table 11. Endogeneity test.

Nurb Lnpexp Nurb
Variables
1) (2) 3)
target 0.0376 *** 0.1145 *** 0.0313 ***
(7.760) (4.217) (6.500)
target2 —0.0017 *** —0.0040 *** —0.0015 ***
(—7.463) (—3.010) (—6.689)
Inpexp 0.0440 ***
(4.776)
_cons 0.0289 3.1011 *** —0.0830
(0.527) (9.468) (—1.358)
Controls Yes Yes Yes
Year FE Yes Yes Yes
Province FE Yes Yes Yes
N 450 420 420
R-sq 0.9855 0.9941 0.9878

t-statistics in parentheses. *** p < 0.01.

5. Conclusions

We use panel data from 30 provinces in China from 2005 to 2020 to investigate the
role of economic growth targets in guiding and constraining new urbanization. The main
findings are as follows: first, there is an inverted U-shaped relationship between economic
growth targets and new urbanization. As the economic growth targets increase, new urban-
ization first increases and then decreases. Second, public expenditure plays a mediating role
in the relationship between economic growth targets and new urbanization, as economic
growth targets affect new urbanization through the inverted U-shaped relationship with
public expenditure and the positive effect of government intervention on new urbanization.
Land use, however, regulates the effect of public expenditure and causes the inflection
point to occur at a lower level of economic growth target. Furthermore, the study examined
the pathways through which economic growth targets affect new urbanization and found
that economic growth targets affect new urbanization through infrastructure construction,
population development, regional innovation, energy structure improvement, and financial
development. We also explored the regional and temporal heterogeneity of the results
and found that the inverted U-shaped relationship between economic growth targets and
new-type urbanization was evident in the central and western regions before 2014 but
not after 2012, while in the eastern region and after 2014, economic growth targets had
a promoting effect.

Our study reveals both the positive and negative effects of economic growth targets
on urbanization and the quality of economic development in China, providing a better
understanding of China’s institutional mechanisms. The use of economic growth tar-
gets as a measure of local officials” performance evaluation by the central government
has increased the enthusiasm of local governments to develop the economy. However,
the intensifying competition among officials for promotion has led to a focus on short-
term profit-seeking behavior, neglecting long-term livelihood construction and hindering
sustainable development. Despite these challenges, the “land-for-security” urbanization
promotion method and China’s government-led model have an important significance as
referents for underdeveloped regions seeking to break away from low-productivity traps
and achieve balanced urbanization.

Meanwhile, the article also provides insights for goal management in regional devel-
opment strategies that involve multiple dimensions such as “new-type urbanization.” Path
analysis shows that there may be a certain resource competition between economic growth
and population development, economic quality, ecological civilization, and rural-urban
integration, with smaller relationships with people’s livelihoods and spatial intensification.
Therefore, the central government needs to control the economically led growth targets
within a reasonable range to enable local governments to take into account multiple di-
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mensions and achieve rational allocation of resources. For aspects of people’s livelihoods
and spatial intensification, which may not be affected by economic growth targets, the
central government may introduce corresponding goals and incentive measures to ensure
the balanced development of new-type urbanization in all dimensions.

The implications of China’s urbanization experience for other countries, especially
underdeveloped nations, cannot be overlooked. The positive role of land finance in pro-
moting new-type urbanization through public expenditure, coupled with the potential
negative effects of imbalances in the population-land relationship, provides a valuable
lesson for other nations seeking to achieve balanced urbanization. Similarly, the challenges
faced by China’s economic growth targets and their impact on sustainable development
highlight the importance of considering the long-term effects of policy decisions. As such,
the lessons learned from China’s urbanization can help guide other countries toward a more
sustainable path of urban development.
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Abstract: Since China is the largest developing country in the world, its urban reconstruction has
significance for countries undergoing rapid urbanization. The recent development of its central cities
has gradually changed from large-scale incremental expansion to stock optimization. District bound-
ary reorganization has become a new trend in reforming China’s administrative division of central
cities. From the perspective of scalar reorganization and regional reconstruction, the adjustment of
urban administrative divisions can be regarded as a regional construction strategy initiated by city
governments to reshape the spatial structure, improve the governance relationship, and enhance the
cities” competitiveness. This study takes Hangzhou, an important central city in eastern China, as a
case study to illustrate two ways in which a central city can optimize its urban spaces through district
boundary recombination: scale recombination and regional recombination. The findings demonstrate
two advantages of district boundary reorganization for China’s central cities: it eases the integration
of new city districts and urban areas and promotes balanced development within the city. In the
future, more Chinese cities will likely choose to reorganize their district boundaries.

Keywords: central city; scale restructuring; regional reconstruction; Hangzhou; urban administrative
district adjustments

1. Introduction

Urban restructuring has become a significant topic worldwide. Different urbanization
development and city reconstruction stages require different methods, and developed
countries reach high urbanization levels at an early stage. Generally, cities in developed
countries face problems such as municipal government bankruptcy, urban population de-
crease, urban economic decline, industrial iteration, and environmental pollution [1]. The
main motive of urban spatial reconstruction is to avoid urban recession and maintain the
sustainable growth of the urban economy [2]. Cities adopt urban spatial reconstruction and
urban government reconstruction to manage those problems [3]. In Western and Northern
Europe, some developed countries have adopted voluntary or compulsory merging to
restructure urban areas, thereby reducing the degree of fragmentation of local govern-
ments and improving the economies of scale of public service supply [4-7]. However, in
countries such as those in Africa and Southeast Asia, dividing administrative regions and
redrawing administrative boundaries have become important ways of promoting urban-
ization development and meeting heterogeneous needs for public services [8-10]. In the
United States, Canada, and Australia, urban administrative regions are frequently split and
merged, and they adjust dynamically with the stage of urbanization development [11-14].
Restructuring administrative divisions is an important measure used to adapt to the stages
of urbanization. The rapid urbanization in developing countries makes it necessary to
adjust administrative divisions and develop rational plans and designs for urban spaces to
meet the needs of urban populations [15].
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Since China is the largest developing country in the world, its central government
projects power into spaces through its administrative division management system. China’s
urbanization is carried out against the backdrop of economic and social transformation,
globalization, and informatization. Compared with developed countries, the organizational
form and power structure of the Chinese government mean that the reconstruction of urban
space in China is dominated by the strong administrative power of the government; this is
the most important feature of China’s urbanization. Strong evidence for this can be seen in
the fact that the adjustment of urban administrative divisions is frequent in China, whereas
the reorganization of urban boundaries is rare in developed countries. However, this type
of adjustment in China has effectively promoted urban development and economic growth.
Therefore, it is necessary to investigate the influence path of urban administrative division
adjustment on urban spatial optimization in China.

Specifically, administrative boundaries have a strong attribute of power in China.
By the end of 2022, China’s urbanization rate had reached 65.22% [16], reflecting the
country’s transition period of transforming urban space to promote economic and social
development. Its central cities have now entered a new stage of development—from
incremental expansion to inventory optimization [17].

Since 1978, China’s central cities have generally reorganized their spaces by changing
boundaries to meet urban development needs. As an important part of urban administra-
tive division adjustment, district boundary reorganization promotes urban development
from extensive regional expansion to refined spatial production, thus becoming the choice
of many central cities in recent years. For example, in 2010, Beijing merged the Dongcheng
and Chongwen districts into the new Dongcheng District and the Xicheng and Xuanwu
districts into the new Xicheng District. Shanghai merged the Nanhui District and Pudong
New Area into the new Pudong New Area in 2009, the Huangpu District of Luwan District
into the new Huangpu District in 2011, and the Jing’an and Zhabei districts into the new
Jing’an District in 2015. In 2014, Guangzhou merged the Huangpu and Luogang districts
into the new Huangpu District. Thus, the research questions are as follows: How can urban
stock space be optimized and the urban governance structure be reorganized? That is,
how does the change in urban physical space boundaries shape the relationship between
different levels of government and then affect the governance structure of the city? At
the same time, what impact will the change of governance structure bring to urban space
development? In this process, the population and resources are diverted to the outer urban
areas, relieving the pressure on the urban center, making the urban spatial layout more
reasonable, and promoting the development of urban suburbs and rural areas. To answer
these questions, we must study the reorganization of regional boundaries and summarize
the experience of urban spatial reconstruction in China.

The theories of scalar reorganization and regional reconstruction consider both physi-
cal and social space, having strong explanatory power for the changes in urban physical
space (region) and social relations in space (scale) brought about by the reform of adminis-
trative divisions. This paper uses the theoretical tools of scalar and regional reorganization
and takes Hangzhou as a case study to conduct a detailed analysis of the logic of central
city district reorganization in China and its ability to optimize stock space (physical space)
and reconstruct the governance structure (social space).

2. Theoretical Basis and Dimensions for Analysis
2.1. Theoretical Basis

The concept of scale comes from geography. In the globalized world, geographi-
cal space increasingly demonstrates the characteristics of “flowing space”: fluidity and
plasticity [18,19]. We can extend the concept of scale to measure differentiations in the
geographical landscape, including physical spaces and social relationships in geographical
spaces [20,21]. Scale theory focuses on the shift of power and control between different
geographical scales and the rearrangement of institutions and changes in governance.
Scalar reorganization refers to changes in and transfer of the organizational mode, with
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scale characteristics such as rank, scale, relationship, and power. Scalar reorganization
involves “rescaling” the power structure, institutional arrangements, policymaking, and
governance modes to form new political and economic scales [22,23].

In this paper, region refers to the space occupied by a specific subject. Harvey argued
that capital must be attached to a specific space and that “regionalization” is capital that
remains in a particular bounded space and regional organization [24]. The regionalization
of capital is not once and for all but resolves the inherent contradictions of capitalism
through repeated de-regionalization and re-regionalization, collectively referred to as
regional restructuring. De-regionalization means that with the emergence of “flow space”
(e.g., information, capital, and commodities), social and economic relations are separated
from regions and administrative boundaries become blurred or even disappear, marking
the disappearance of regionalism [25]. Re-regionalization refers to capital leaving the
original regional social structure and reconstructing a region in a new political, social,
and economic space. Regional restructuring starts with the regionalization of capital and
circulates between de-regionalization and re-regionalization.

Scale and region recombination are two closely related concepts. As illustrated in
Figure 1, capital is constantly attached to new regional spaces in regional restructuring. The
attachment of capital causes changes in power and control in the regional space, namely,
scalar restructuring, so that it can better meet the capital’s requirements. The object of
scale reconstruction is usually implemented in a specific regional space, so the regional
reconstruction and scale reconstruction are closely connected, and the interaction between
the two forms an integrated and two-sided process.

Regional Reconstruction
I (Re-regioualization. De-regionalization, and Regioualizatiou) l

[ Capital ]

Regional Organization
(city/state)

Scale Restructuring
(the shift of power and control between different scales)

Figure 1. The relationship between scale restructuring and regional reconstruction [26].

2.2. Dimensions for Analysis

District boundary reorganization means adjusting the administrative divisions of a
district based on the municipality’s districts. It mainly involves the internal reorganization
of municipal districts and the expansion of municipal and county districts [17]. There are
several types:

1. A large range of mergers or the separation of one or several municipal districts;

2. Some towns and villages formerly belonging to counties or county-level cities are
classified as being under the jurisdiction of municipal districts of central cities, or
there is local fine-tuning between municipal districts;

3. Part of the administrative region is removed from the municipal district or the sur-
rounding counties (county-level cities) and set up as a new municipal district [4];

4. Two or more municipal districts formerly belonging to prefecture-level cities are
merged to form municipal districts directly under the central government.

Currently, Chinese cities with sufficient development space use options 1 or 2. The first
involves a city’s large-scale reorganization and regional reconstruction, especially its central
urban area, which greatly impacts the urban governance structure. The second involves
fine-tuning, which has less impact on the urban governance structure. Some scholars
call category 1 “strong district boundary reorganization” and category 2 “weak district
boundary reorganization” [27]. Currently, cities with insufficient urban development space
struggle to set up districts by withdrawing counties (county-level cities); they are more
likely to use option 3, appropriately reorganizing district boundaries to meet the needs of
urban spatial development and avoid a large-scale withdrawal of counties (county-level
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cities). This paper will not discuss option 4 in detail since it is relatively rare, applies only
to the specific period of establishing municipalities directly under the central government,
and involves inter-municipal administration.

In the adjustment of urban administrative divisions, scale reorganization demonstrates
that the urban government generates a new political system space and governance scale
by reorganizing hierarchy, power, relationship, and scale, namely the reorganization of
governance structure, focusing on the production of the political system space. Regional
restructuring manifests itself as the generation of a new social economic space and regional
organization by adjusting and reorganizing the boundaries of administrative divisions,
which is the focus of the production of socio-economic space. Administrative division
adjustment is a rigid scale adjustment tool; its occurrence period, main types, and power
sources are embedded in the scale strategies adopted by countries or regions to enhance
competitiveness and the corresponding scale reconstruction methods [28].

From the perspective of scale theory, the administrative level of the spatial unit is a
special scale type; this is a unique perspective from which to study the relationships among
the constituent units of administrative division adjustment [29]. Scholars use scale theory
to explain changes in the administrative levels and physical spaces of Chinese cities [30],
conduct classification research on the adjustment of urban administrative divisions at the
scale level [31], and study the dynamic mechanisms and spatial influences of reforming
urban administrative divisions in China [32]. However, many studies conduct process
simulation and type interpretation only at the phenomenon level [33] and do not investigate
urban administrative division reform over time and larger spatial dimensions. Furthermore,
the deep logic research on the impact of administrative division reform on urban spatial
production is insufficient.

The time and space of administrative division adjustment in central cities might
differ under national and regional macro-strategy development; however, the logic of
space production is roughly similar [34]. Most studies have focused on first-tier cities
such as Beijing and Shanghai, largely ignoring second-tier cities such as Hangzhou and
Nanjing. Therefore, this study’s case study is Hangzhou, a vibrant central city in eastern
China. In 2021, Hangzhou adjusted its administrative divisions by splitting large districts,
merging small districts, upgrading functional districts into administrative districts, and
including other forms of district boundary reorganization common in China’s central cities.
Hangzhou's administrative division adjustments provide abundant data for investigating
urban space optimization through reorganizing district boundaries. The study conducted
an in-depth analysis of Hangzhou's regional boundary reorganization from the perspectives
of scalar reconstruction and regional reorganization, thus adding to the literature.

3. Materials and Methods
3.1. Case Study

China’s local administrative regions are divided into four levels (Figure 2). The provin-
cial units are subdivided into provinces, autonomous regions, centrally administered cities,
and special administrative regions. The prefecture-level cities (orange block) under general
provinces can be subdivided into districts (dark blue block), county-level cities (light blue
block), counties, and autonomous counties. Our case study, Hangzhou, is a prefecture-level
city in the northern part of Zhejiang Province in eastern China, the provincial capital of
Zhejiang Province, and the central city of Hangzhou Metropolitan Circle.

As shown in Figure 3, Zhejiang Province is located in the eastern coastal area of China,
while Hangzhou is located in the southwest of Zhejiang Province. It is the capital city and
the largest city of Zhejiang Province. Hangzhou has jurisdiction over thirteen county-level
administrative districts: ten districts (Shangcheng, Xiacheng, Jianggan, Gongshu, Xihu,
Binjiang, Xiaoshan, Yuhang, Fuyang, and Linan), two counties (Tonglu and Chun’an), and
one county-level city (Jiande). Since the 1990s, Hangzhou has experienced five adjustments
of its administrative divisions. In 1996, three towns (Xixing, Changhe, and Puyan) were
formed into a new district called Binjiang. In 2001, 2014, and 2017, four county-level cities,
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Xiaoshan, Yuhang Fuyang, and Lin’an, were divided into the districts of Hangzhou, and
Hangzhou's urban area expanded from 430 km? to 8000 km?. The administrative division
adjustment during 1996-2017 expanded the development space of the main city by creating
county-level city municipal districts, laying the foundation for coordinating the urban

system patterns [35].

Provincial level

Department level

County level

_|

Districts

Township level

Townships & Towns

Streets

Prefectural-level _|

County-level cities

Townships & Towns
Streets

H

Townships & Towns

;

Streets

~Special
administrative regions

Figure 2. Administrative divisions in China.

Ober
B 2y

Zhejiang's Location in China

Before the reform in 2019

cities Counties Streets
. T¢ hips & T
L1 Autonomous counties |1
Provinces Townships & Towns
— County-level cities }J_ Steeets
Autonomous -
Zhioiis —— Autonomous counties
-
— Counties s
—
™ Districts
75 T hips & T
Prefectural-level | [-| County-level cities -—%{
cities — Autonomous counties
; Autonomous = ects
China regions — Counties [ [Toveships & owas |
Streets.
— County-level cities
Autonomous it =
Zhous T Autonomous counties Comhips & Tors |
— Counties Strects
-
Districts Townships & Towns
|| Centrally 4|:| Streets |
administered cities - Townships & Towns |
Counties

Hangzhou's Location in Zhejiang

Odher

I ophos

Shazg Cheng
Ling Fin

After the reform in 2021

Figure 3. Before and after the reorganization of Hangzhou's district boundaries in 2021.

217



Land 2023, 12, 959

Chinese cities are moving from external macroscopic and regional restructuring to
internal microcosmic and regional restructuring [36]. After the four administrative division
adjustments, Hangzhou became the largest city in the Yangtze River Delta urban agglomer-
ation. However, the city’s structural contradictions became increasingly prominent; there
was a mismatch between area and scale. Therefore, in April 2021, Hangzhou implemented
a fifth administrative division adjustment. As shown in Figure 3, this restructuring read-
justed the district boundaries, merging the Shangcheng and Jianggan Districts to form the
Shangcheng District and merging the Xiacheng and Gongshu districts to form the Gongshu
District. It also split the Yuhang District into the Yuhang and Linping districts, with the
Beijing—Hangzhou canal as the boundary. Finally, it upgraded the Qiantang New Area to
the Qiantang District, which included the Xiasha District (once part of the Jianggan District)
and Dajiangdong District (once part of the Xiaoshan District) [37].

3.2. Research Methods: Content Analysis, Literature Review, and Interviews

This study used the case study method and data obtained from a field investigation in
Hangzhou. Before and after the adjustment of administrative divisions (2020, 2021, and
2022), we traveled to Hangzhou for data collection and observation. We observed the
administrative division adjustment process to collect first-hand data such as application
and approval plans, risk assessment reports, approval process information, complaint and
visit stability maintenance work plans, and information from public opinion solicitation
forums in each municipal district of Hangzhou in 2021. From the Hangzhou City Planning
Exhibition Hall, we obtained the statistical yearbook of various municipal districts of
Hangzhou, newspapers and archives of Zhejiang Province and Hangzhou, overall plans of
Hangzhou city, the adjustment process of administrative divisions since 1996, a history of
urban development, and other materials. As shown in Table 1, we interviewed government
staff who had participated in Hangzhou'’s administrative division adjustment, including
representatives from the Hangzhou Municipal Government Office, Hangzhou Civil Af-
fairs Bureau, Hangzhou Municipal Planning Bureau, and Hangzhou Municipal Public
Security Bureau; and relevant staff from the Gongshu, Shangcheng, Yuhang, Linping, and
Qiantang districts.

Table 1. Interview data regarding the Hangzhou District boundary reorganization.

Interview Record

. Department Position Interview Form Date
Coding
Hangzhou Municipal One-to-one
20191102AASH & P Secretary semi-structured 2 November 2020
Government Office . .
interview
Hangzhou Municipal
Government Office Secretary
Hangzhou Civil Affairs Bureau Office manager
Hangzhou Civil Affairs Bureau Office clerk
Hangzhou Municipal i Group semi-structured
20200705BAM Planning Bureau Office manager Pinterview 5 July 2020
Hangzhou Municipal Office clerk

Planning Bureau

Representatives from Gongshu,
Shangcheng, Yuhang, Linping, and Office managers
Qiantang districts
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Table 1. Cont.

Interview Record

. Department Position Interview Form Date
Coding
Xiaoshan Municipal Secretar
Government Office ecretary
Xiaoshan Municipal Public Office manager
Security Bureau &
20200706BBX Xiaoshan Civil Affairs Bureau Office manager Group semi-structured 6 July 2020
interview
Xiaoshan Municipal Bureau .
. Office manager
of Finance
Xiaoshan Municipal City .
Administration Commission Office manager
Xiaoshan Municipal City .
Administration Commission Office manager
Xiaoshan City Brain . Group semi-structured
20200708BBX Project Department Project leader interview 8 July 2020
Xiaoshan City Brain .
Project Department Project clerk
Fuyang Civil Affairs Bureau Office manager
Fuyang E?l;?;;fcael Bureau Office manager G ) d
20210106BBF roup isr’letle“rlv'?g;‘cmre 6 October 2021
Fuyang Municipal City .
Administration Commission Office manager
Fuyang Municipal Planning Bureau Office manager
One-to-one
20210106 ABFL Fuyang Civil Affairs Bureau Office clerk semi-structured 6 October 2021
interview
One-to-one
20210314AAMZ Hangzhou Civil Affairs Bureau Office manager semi-structured
interview
One-to-one
20210314AAMY Hangzhou Civil Affairs Bureau Office clerk A semi-structured 14 March 2021
interview
One-to-one
20210314AAMS Hangzhou Civil Affairs Bureau Office clerk B semi-structured
interview
Gongshu Civil Affairs Bureau Office manager
Gongshuol;/ll;;g;crf:l Bureau Office manager
20210714BBG — Group semi-structured 14 July 2021
Gongshu Municipal City . interview
.9 . . Office manager
Administration Commission
Gongshp Municipal Office manager
Planning Bureau
Qiantang Civil Affairs Bureau Office manager
Qiantang Mgnlapal Bureau Office manager
of Finance .
20220716BBQ Group semi-structured 16 July 2022

Qiantang Development and
Reform Commission

Office manager

Qiantang Municipal City
Administration Commission

Office manager

interview
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We conducted six symposia and nine in-depth interviews. Our interviews included
the following questions:

1.  What is the reason for the boundary reorganization?;

2. What must be done to split/merge municipal districts and upgrade functional areas
into administrative districts? Who is responsible for this?;

3. What changes to government institutions and power distribution will occur after the
change in the scale of municipal districts?;

4. During the ongoing transition period, the finances will still be under the direct
management of Zhejiang Province, with the financial stock still belonging to Zhejiang
Province and the increased part belonging to Hangzhou. What impact will the
reorganization of the boundaries have on the original transitional policy?;

5. What impact will the reorganization bring?;

6.  What impact will the reorganization of district boundaries have on urban planning?

4. Results of Case Analysis
4.1. Reasons for District Boundaries Reorganization in Hangzhou

There were three main reasons for the Hangzhou District boundary reorganization.
First, the disparity in the municipal districts” areas was not conducive to balanced develop-
ment. The ten districts under the jurisdiction of Hangzhou differed significantly in area,
population scale, and economic aggregates. Small areas such as Shangcheng and Xiacheng
were only 20 km?, while the areas of the largest cities (Xiaoshan, Yuhang, Fuyang, and
Lin’an) were above 1000 km?; the largest, Lin’an, had an area above 3000 km?Z. The central
urban area was too small and the development space insufficient to meet the needs of the
increasing population, industry, infrastructure, and other factors. The vast outer urban area
had abundant land stock resources, hindering the balanced distribution of public services
and industrial resources, and this problem needed to be resolved.

Second, the limited distribution of resources was not conducive to industrial upgrad-
ing. Among the six districts of Hangzhou, Shangcheng, Xiacheng, Jianggan, and Gongshu,
the old core cities were geographically adjacent; Yuhang and Qiantang became districts in
2021. Tertiary industries had been developed to create industrial isomorphism, including
trade, tourism, and manufacturing. Yuhang District had manufacturing facilities in the east
and high-end scientific and technological innovation industries in the west. Xiasha Indus-
trial Park and Dajiangdong Industrial Park in the Qiantang New District were problematic
because, as one official said, “some people have no industry, while others have industry
but no human resources”.

Third, the administrative barriers were not conducive to the flow of goods and services.
In the mid-1990s, Hangzhou formulated the strategic “Yongjiang Development” plan to
determine the city’s eastward expansion. With the city’s development, the new and old
cities gradually developed into a cross-administrative form that did not facilitate the
integration of old and new areas. The existence of administrative barriers impeded the free
flow of production factors.

Scale politics describes “the struggle for the absolute control of local, regional, and
spatial control” in urban geography and regional governance studies [21]. The adjustment
of urban administrative divisions is a scale political event dominated by the central city
government and characterized by strengthening the administrative control of the central
city and the regional reorganization of horizontal regionalization. The essence of the
adjustment of the urban administrative divisions is a process of scale reengineering and
regional reconstruction that is also a process of regional construction initiated by the
central city government to increase the city’s competitiveness through the regionalization
of capital. As a subregional construction, Hangzhou's boundary reorganization delimited
the new regional organization by administrative means to complete the reconstruction of
the geographical space. Then, it rearranged the power and systems in the new regional
organization to promote the de-regionalization and re-regionalization of capital [38—40].
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4.2. Scale Restructuring: Reshaping of Power Structure and Upgrading of Governance Structure

Depending on the completion stage of the power reconstruction of the regional or-
ganization, the scale reconstruction of urban administrative divisions can be divided into
complete and incomplete scale reconstruction [26]. The goal of the Hangzhou District
boundary reorganization was to establish a governance structure and system on the scale
of municipal districts. As shown in Table 2, this reorganization of district boundaries did
not change the administrative level and subordination of each city. The most striking
changes were in the Xiaoshan, Yuhang, Fuyang, and Lin’an districts, which were divided
into districts by county-level cities in the early years. At that time, Hangzhou agreed to
remove the county-level cities gradually to ensure a smooth adjustment period. During the
ongoing transition period, the removed county-level cities continue to maintain provin-
cial administration of finance and county management while enjoying a high degree of
autonomy in planning, transportation, education, medical care, and other responsibilities.

Table 2. Scale restructuring in the reorganization of the Hangzhou District boundaries. *

District Spatial Scale (km?) Government Location
Executive Power
Before After Before After Variation Before
77 Wangchao Road
Shangchen 18 £ !
8 8 Wangjiang Street 77 Wangchao Road,
Shangcheng 122 s
Ji 210 1 Qingchun East Wangjiang Street
langgan Road, Sijiging Street
Increase 200 Oingchun Road
Xiacheng No change 31 %E%; Sltlie toa ’ 1 Taizhou Road,
Gongshu 119 Gongchen Bridge Street
Goneshu 88 10 Zhuetan Lane,
8 Hushu Street
Xihu 263 No change 1 Zhejiang University Road, Lingyin Street
Binjiang 73 100 Jiangnan Avenue, Xixing Street
Remains
Xiaoshan unchanged and 1163 931 Decrease 685 Jincheng Road, Beigan Street
Xiaoshan then decreases *
. . 499 Qingliu North Road,
Qiantang Increases in power — 338 No change — Hezhuang Street
1500 Wenyi West Road
Yuhang 940 : L . 4
Yuhang Remains 1222 Decrease 33 Xl‘éze];ltnpmg Canggian Street
Linping unchanged and 282 33 Xida, Linping Street
Fuyang then decreases 1808 25 Guihua Road, Fuchun Street
No change
Lin’an 3124 398 Yijin Street, Jincheng Street

* During the ongoing transition, the finances remain under the direct management of Zhejiang Province, with the
financial stock belonging to Zhejiang Province and the increased part belonging to Hangzhou.

The transitional period effectively avoids the contradictions and conflicts related to
subsuming the county-level cities into districts. However, it also obscures some of the
complications. More than 20 years after Xiaoshan and Yuhang became part of its municipal
district, Hangzhou still has not integrated these two cities into the main city. The adjustment
splitting Yuhang District erased the geospatial scale on which the transitional system was
based. Meanwhile, it assigned new scales to the new Yuhang and Linping districts and
created two new municipal districts that gradually transitioned from financial “provincial
management of counties” to “provincial management of counties in stock and municipal
management of districts in increment”. This new scale was extrapolated to Xiaoshan,
and since the integration of county-level cities into districts, the transitional system was
improved, further strengthening the control over these peripheral municipal districts.

First, the scale balance has been realized horizontally and the power structure of each
city reshaped. The complete scale recombination can be subdivided into three categories:
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1. Yuhang District was split into the new Yuhang and Linping districts. Hangzhou estab-
lished a city-district-level governance structure in the two new regional organizations,
giving administrative power at the district level to the two administrative districts.
The regional scope of power is smaller, but that does not mean less control over
regional organizations; the New Yuhang and Linping districts have their own power
at the municipal district level, and a complete governance system has been built.

2. In the main cities of Hangzhou, Shangcheng, and Jianggan, Xiacheng and Gongshu
were merged. The original two district levels were integrated into one. The power
structure and system did not change. After the merger, the regional organization of
the power function of the new municipal district system was wider, but it did not
affect the control of Hangzhou over each municipal district.

3.  The Qiantang New Area belongs to the all-controlling management committee, which
manages the economic and social affairs in the region in a unified way. Some scholars
call functional areas such as the Qiantang New Area “quasi-administrative regions”.
Although the Qiantang New Area has partially reconstructed its multidimensional
administrative, spatial, and industrial relations, its scale reconstruction remains in-
complete because of the boundary of the administrative division. In the adjustment,
the district-level scale was assigned to the regional organization of the Qiantang
District, completing its scale reconstruction, realizing the complete adherence of scale
to the regional organization, and optimizing the governance structure and function of
the former Qiantang New Area [41].

Second, the adjustment completed the scale adaptation vertically and upgraded
Hangzhou's governance structure. In the first 20 years, Xiaoshan, Yuhang, Fuyang, and
Lin’an were included in the urban map of Hangzhou, which has achieved rapid urban
area and development space expansion. At the same time, the upgrade poses challenges
to integrating new and old urban areas. From the view of the nationwide withdrawal of
counties or integrating county-level cities into districts, there are several problems in certain
areas, such as a large gap in the urban management level between central and peripheral
urban areas; an uneven quality of public services; inadequate and unbalanced use of space,
which requires the re-division of the internal power structure of the city; and the adjustment
and reshaping of the governance structure to meet needs [42—44]. This district boundary
reorganization focused on resolving the differences in the size of Hangzhou’s municipal
districts. Regionally cutting and reorganizing the municipal districts changed the power
scale, reshaped each municipal district’s power structure, strengthened Hangzhou’s con-
trol over the municipal district, matched the power scale more to the regional scale, and
reshaped and upgraded Hangzhou's governance structure.

4.3. Regional Reconstruction: Optimization of Resource Elements and Urban
Structure Transformation

Effective ways to optimize and integrate the resource elements of urban development
on the micro-scale are scale reorganization among municipal districts” allocation of re-
sources, expanding the urban scale, and transforming urban structure. After reorganizing
district boundaries, Hangzhou has jurisdiction over ten districts; however, new regional
organizations have emerged in the city and district scales—new Hangzhou and several
new municipal districts. Among them, Binjiang, Xihu, Fuyang, and Lin’an districts have
the same regional scale. In contrast, Shangcheng, Gongshu, Xiaoshan, Yuhang, Linping,
and Qiantang have all become new regional organizations at the district level.

First, to promote regional restructuring, Hangzhou carried out industrial optimization
and collaborative layout, focusing on optimizing the urban structure of the eastern and
western parts of the city. As shown in Figure 4, focusing on the high-tech industry, the
western part of the city focused on the innovation corridor platform, human resources,
policies, and mechanism innovation to lead future economic development. The eastern
part of the city relies on abundant higher education resources, high-end and intelligent
manufacturing, and e-commerce. The eastern and western parts of the city should advance
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together, and the re-regionalization of capital should be promoted to create the high-quality
development of the digital economy and manufacturing. The Yuhang and Linping districts
have been divided geographically; according to their different development priorities, the
re-regionalization of capital has been completed. The Yuhang District relies on the Science
and Technology Innovation Corridor to develop high-end scientific and technological inno-
vations and the digital economy. It focuses on digital industrialization, including artificial
intelligence, cloud computing, and Big Data; emerging frontier industries, such as the
metauniverse and quantum technology; and new business forms such as the digital econ-
omy and Smart Cities. The Linping District will connect workshop production equipment
for biomedicine, home textiles, and equipment manufacturing to the industrial internet
digital platform through 5G technology to accelerate industrial digitalization. The Qiantang
New Area has been upgraded from an incomplete scale to a full-scale Qiantang District.
Although the regional spatial entity has not changed, the power structure and relations
have been reshaped systematically. The identity transformation from a functional area to
an administrative region has made this district significantly more attractive to capital. Five
leading industries (semiconductors, life and health, intelligent automobiles and intelligent
equipment, aerospace, and new materials) have begun to take shape.

Lin Ping
Through 5G technology, the production
equipment of workshops such as
biomedicine, home textile, clothing and

quip ing will be
to the Internet platform to create a high-end
manufacturing industry.

Qian Tang

High-quality personnel training,
automobile industry, new energy
industry, biomedicine, logistics
industry.

Yu Hang

Key basic industries such as artificial
intelligence, cloud computing and
big data; emerging frontier industries
such as metauniverse and quantum
technology; and new business forms
such as digital economy and smart
cities.

Xiao Shan

Traditional manufacturing industries
such as industrial equipment,
transportation equipment, electronic
communication equipment, light
industry, food, textile and clothing.

Shang Cheng
City center CBD business circle,
tourism, service industry,
historical and cultural protection
and development.

Gong Shu
Building economy, urban
renewal, smart business circle

Figure 4. Industrial layout of Hangzhou.

Second, Hangzhou promotes the construction of transportation and communication
infrastructure for the regional reconstruction of capital to improve the urban construction
environment, break barriers, and increase the speed of capital flow. Constructing trans-
portation and communication facilities has the powerful effect of “space-time compression”,
which can change traditional social relations; strengthen personnel interactions, economic
liaisons, factor flows, and other spatial connections between the central urban area and the
new jurisdiction; and promote the scalar reconstruction of capital. Following the layout of
“one main city, three secondary cities, and six clusters”, Hangzhou has planned and built
more than twenty new cities and more than one hundred urban complexes along the bank
of the Qiantang River, including Qianjiang Century City, Zhijiang New City, Xianghu New
City, Binjiang New City, and Airport New City.

In a functionally integrated but geographically dispersed production network, the
smooth flow of information and materials is key to ensuring the continuity of the pro-
duction process and improving production efficiency, so the construction of circulation
space is particularly important. Circulation space mainly refers to urban roads and other
transportation infrastructure. Hangzhou will extend Jiefang Road east to Qianjiang New
City; construct the Qingchun Road tunnel, Zizhi Tunnel, Wenyi West Road viaduct, and
other traffic arteries, linking the new and old urban areas and north Jiangnan as a whole;
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open the Airport Express to connect Qianjiang New City with Hangzhou East Railway
Station, Xiaoshan Airport, and other important transportation hubs; form a circulation
network of resource elements connecting inside and outside areas; and connect the multi-
group spatial layout of Hangzhou with an organic integrated regional space. Constructing
circulation space has enhanced the communication and cooperation between the central
city and the new districts, promoted the de-regionalization and re-regionalization of capital,
and attracted capital to be embedded in the new municipal district [45].

4.4. Summary

The administrative division adjustment patterns are closely related to the urbanization
process. From 1983 to 1999, the urbanization development of China was characterized by
the expansion of the absolute number of cities and the scalar expansion of key cities [27].
The adjustments of administrative divisions in this stage are mainly registered as “region
upgraded to city” and “county upgraded to city”, among which the division of counties
(county-level cities) into districts (including the combination of districts and counties) was
mainly concentrated in cities with higher administrative levels. Since 2000, urbanization in
China has undergone large-scale urban expansion, primarily through withdrawing counties
(county-level cities) by setting up districts or merging counties [46]. The adjustment
frequency is closely related to the level of economic development: the more developed
the area, the higher the frequency of adjustment [36]. Recently, Chinese urbanization has
entered a new stage, moving from the expansion of the city scale to the enhancement of
city function and connotation. The adjustment model of the administrative division has
gradually changed from the integration of counties (county-level cities) into districts and
the merger of districts and counties to the reorganization of district boundaries.

Hangzhou began its district boundary reorganization in 2021. First, it solved the
problems of unbalanced urban scale and unreasonable spatial layout. Specifically, following
the urban scale expansion, the area of Hangzhou's outer city districts was too large, and
the development of the inner-city space was insufficient and unbalanced. These problems
have been effectively solved through district boundary reorganization, including city
mergers and splits. Second, Hangzhou neatly reconstructed its urban governance structure
with the district boundary reorganization. The purpose of urban administrative division
adjustment was not simply to expand the scale but to optimize the spatial pattern and
reshape the governance structure, releasing the city’s development potential [47]. Third, it
reduced the political cost of administrative division reform. Integrating counties (county-
level cities) into districts involves inter-governmental maneuvering at the province, city,
and county levels; the political costs and risks are correspondingly high. Many cases of
fierce resistance from the counties (county-level cities) have been resolved. In contrast,
reorganizing district boundaries involves power struggles only at the same level. The
administrative subordination of each district is the same, and the difficulty coefficient
and risk of the integration and coordination of the management system between them are
low. Therefore, Hangzhou is gradually integrating its resources by reorganizing district
boundaries, optimizing the layout of urban functions, upgrading the industrial structure,
and improving the efficiency of urban governance.

Under the guidance of the “strong provincial capital” strategy, Zhejiang Province
adjusted the scale strategy and regional development path in the new development stage
to increase the central city and improve the urban competitiveness of Hangzhou, the
provincial capital. Under the new regional strategic goal of integrating the development of
the Yangtze River Delta, Hangzhou plays a leading role; its regionalization adjustment aims
to strengthen the importance of this scale unit. From the perspective of scale reconstruction,
Hangzhou used district boundary reorganization to adjust the power scale of municipal
districts, promote coordinated development, and concentrate more local jurisdiction and
development power on the Hangzhou scale level to create a new regional integrated
development map.

224



Land 2023, 12, 959

5. Discussion and Conclusions

Since 1978, after two phases of integrating counties (county-level cities) into districts
from 1994 to 2003 and establishing districts since 2013, the number of municipal districts
in China has increased. Many cities’ reserves for country-district mergers have become
limited. Regional central cities such as Beijing, Shanghai, Tianjin, Guangzhou, Shenzhen,
and Nanjing have entered the “district-wide model” where they can no longer rely on
large-scale mergers of peripheral counties and cities to strengthen themselves as they did
before. Instead, they need to intensively cultivate their own internal space.

Urban space production is a continuous process. In addition to the reorganization of
district boundaries, Chinese city governments often use another approach—"setting up
functional zones”—to optimize urban space without adjusting administrative divisions.
However, the continuous development of functional areas will increase the chaos of gover-
nance relations, which is not conducive to the long-term development of the city. Therefore,
in the long run, the reorganization of regional boundaries is still necessary. It is evident
that, similar to the urbanization process in many developing countries, the increasing
heterogeneous demand for city development in countries such as Indonesia, South Africa,
and Brazil has led to the redefinition of urban boundaries and the addition of new admin-
istrative divisions, which in turn have prompted regional boundary restructuring. The
boundary reorganization of Hangzhou District aims to optimize the internal relationship of
urban space to meet the new needs of urbanization development. However, in Europe and
North America, the merging of administrative divisions is used to optimize urban space
to provide public services, indicating that Hangzhou's experience can be an important
reference for the urbanization process of other developing countries.

From the perspective of scale and regional restructuring, regional boundary restruc-
turing is a regional construction scale strategy initiated by the central city government to
enhance its competitiveness. It mainly achieves its goals in two ways. First, it promotes in-
tegration through segmentation. However, integrating cities and counties is problematic in
China. Hangzhou removed the Xiaoshan District from the Dajiangdong area and the Jiang-
gan District from the Xiasha area to form the Qiantang District. Hangzhou integrated the
outer urban areas into the main urban area. Separating the old Yuhang District improved
the transitional system; it used scale politics to extrapolate its adjustments to Xiaoshan,
Fuyang, and Lin’an, which were divided into districts by counties (county-level cities) in
the early years to strengthen Hangzhou's control over peripheral municipal districts and
integrate old Yuhang with the main city.

Second, this process promoted equilibrium through restructuring. Hangzhou's broad
spatial scale had caused a mismatch between regional scale and economic size and ex-
cessive differences in economic development. After the reorganization of the district
boundaries, Hangzhou had jurisdiction over ten districts. However, it reorganized and
optimized regional spaces by merging smaller districts and dividing larger ones to balance
the development of various municipal districts.

Recently, different cities” development demands have followed the expansion and
structural adjustment of central city districts. Their expansion has been mainly conducted
by withdrawing counties (county-level cities) to set up districts; structural adjustment has
mainly relied on reorganizing district boundaries. Generally, after the number of central
city districts expands to a certain scale, district boundary reorganization is carried out to
adjust the power and regional scales of municipal districts, optimize the urban structure,
and promote urban development. Thus, withdrawing counties and setting up districts
can expand urban development space. According to the different development needs
of the city, scale reorganization and regional reconstruction are carried out at different
stages to promote development. In the future, the role of physical space expansion in
enhancing urban competitiveness will become increasingly limited. Focusing on the
structural adjustment and governance optimization of internal space is an effective way to
enhance the central cities’ competitiveness. Urban development must solve the problems
related to urbanization and urban development. Thus, district boundary reorganization
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will become a first choice as an effective and practical way of reforming the administrative
divisions of central cities.

China is a typical developing country undergoing rapid urbanization. As an important
central city in East China, Hangzhou is also a critical megacity in the Yangtze River
Delta region. Using the Hangzhou District’s boundary reorganization as an example, this
study has shown how Chinese city governments make urban spatial reconstruction serve
urban growth by adjusting administrative boundaries. Reorganizing district boundaries
reconstructs urban spaces to transform urban governments and adjust and redistribute the
forces of urban governments, markets, and society. District boundary reorganization is
the basis of urban planning, urban renewal, and other spatial optimization strategies, and
it is important for urban space optimization and urban government reconstruction. This
research can provide a general lesson for many cities in underdeveloped areas.

The contribution of this paper is mainly reflected in three points. First, the paper
uses the theory of scale restructuring to analyze Hangzhou District’s boundary reorga-
nization, expanding the scope of theoretical interpretation and further demonstrating its
universal value. Second, by analyzing the case of Hangzhou, the intrinsic mechanisms of
this process are summarized, providing a reference for the urbanization process of other
developing countries. Finally, this paper’s research further enriches the discussion on
Territorial Reforms, providing examples from a Chinese case for observing the methods
and performance of Territorial Reforms.

Hangzhou District’s boundary reorganization incorporated several common forms
of the spatial optimization of central cities in China. This study conducted a deep but not
broad analysis of how China’s central cities optimize urban structure. Future studies should
investigate internal structure optimization in more central cities in China—preferably all of
them. Comparative studies should be conducted in various regions to identify differences
in optimizing the inner spaces of central cities elsewhere in China.
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Abstract: Under the urban development trend of sprawl, improving energy use efficiency is a proper
way to promote green and low-carbon construction in cities. This paper uses panel data from
283 prefecture-level and above cities in China from 2008 to 2019 to measure the urban sprawl index,
and analyze the spatial-temporal evolution law of urban sprawl and electricity consumption. The
relationship between urban sprawl and electricity consumption is empirically examined, and the
differential effect of urban sprawl on electricity consumption is analyzed. Finally, the impact of
urban sprawl on electricity consumption based on a spatial perspective is explored in depth by
establishing a spatial error model. We found the following: (1) The levels of urban sprawl and urban
electricity consumption are on the rise. The spatial distribution of urban sprawl is more dispersed,
and cities with high electricity consumption levels are mostly concentrated in the eastern coastal
areas. (2) Urban sprawl exacerbates electricity consumption, and this conclusion is still robust after a
series of robustness tests were conducted and endogeneity issues were taken into account. In terms
of the influence mechanism, urban sprawl mainly affects electricity consumption by changing the
allocation of land resources, increasing the dependence on private transportation, and inhibiting
green technology innovation. (3) The incremental effect of urban sprawl on electricity consumption is
more pronounced in cities with high sprawl levels, weak environmental regulations, and low green
innovation levels, as well as in west cities. (4) Urban sprawl and electricity consumption both have a
significant positive spatial correlation. Electricity consumption of cities is not only related to their
own regions but also influenced by the adjacent regions, and the spatial correlation is mainly reflected
in the random error term. This paper deepens the understanding of the basic laws of urban sprawl
affecting urban low-carbon development, which also has implications for new urbanization strategies
and green development.

Keywords: urban sprawl; electricity consumption; land resource allocation; spatial econometric
model; low-carbon development

1. Introduction

Cities are spatial carriers where capital, labor, and infrastructure are highly aggregated,
and they are the main battlegrounds for economic activities such as the allocation of
resources and trade transactions in human societies [1]. The development and construction
of cities is an important task for many countries, and the urbanization process of each
country is advancing by leaps and bounds [2,3]. According to the World Cities Report
2022 published by UN-Habitat, the world’s urbanization rate has reached 56% in 2021.
By 2050, this figure will rise to 68%, with an increase of about 2.2 billion urban dwellers,
and a significant increase in urbanization levels is expected in all regions of the world [4].
Similarly, China’s urban development has been dramatic, with the country’s urbanization
level growing at an unprecedented rate, from 17.92% in 1978 to 64.7% in 2022 [5]. Promoting
urbanization is a powerful engine and an important strategy for China’s socio-economic
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development [6]. Urbanization is regarded as a necessary path to modernization, and the
20th National Congress of the Communist Party of China further rationalized the idea of a
new urbanization strategy. Rational urbanization promotes the modernization of industrial
structures and also helps improve energy efficiency and environmental quality [7,8].

However, in reality, disorderly expansion of urban space and reckless development of
land resources have become common problems in the urbanization process of countries
around the world [9]. Land element-based urbanization promotes land development and
utilization, but land expansion that is detached from the actual needs of the population
and economic development may lead to the phenomenon of a mismatch in land devel-
opment in China [10], which is called urban sprawl [11]. The impacts of urban sprawl
on ecological quality persist, and the impacts have considerable variability and complex-
ity [12-14]. At the same time, the problem of climate change caused by large amounts
of carbon emissions is extremely serious [15], and energy consumption is the main “cul-
prit” affecting carbon emissions. The consumption of basic resources such as energy is
exacerbated during rapid urbanization [16], and cities have become an important carbon
source for carbon emissions [17]. The Chinese government pays more attention to the
dynamic change in total energy consumption and makes a solemn commitment to energy
conservation and emission reduction, and reducing energy consumption is a must for
sustainable development [18]. Electricity is an important energy source to promote the
sustainable development of China’s economy, and it has a fundamental role in the national
economy [19]. However, as China’s electricity consumption continues to grow, there has
not been an effective shift in the structure of electricity production, which is dominated by
“thermal power” [20]. This type of power generation, which is based on the consumption
of coal, a disposable energy source, generates large amounts of carbon emissions during
the production process [21]. China faces energy constraints from urbanization [22] and
carbon reduction targets [23], and there is an urgent need to clarify the ways in which the
complex urbanization system affects electricity consumption [24]. Meanwhile, China is the
world’s second-largest economy and the world’s largest CO, emitter [25], and rationally
promoting urbanization and reducing energy consumption are important elements of the
visionary blueprint for socialist modernization.

The issue of urban land use has also attracted widespread academic attention. How-
ever, most of the existing studies have focused on examining the impact of urban sprawl on
economic performance and haze pollution, while less consideration has been given to its
impact on energy consumption. How to promote urban green and low-carbon construction
remains a key component of China’s sustained high-quality development. In view of this,
in the context of rapid urbanization, we try to elaborate on the impact and mechanism
of urban sprawl on electricity consumption. Firstly, the urban sprawl index is measured
with 283 prefecture-level and above cities in China from 2008 to 2019. Meanwhile, the
mechanism of urban sprawl affecting electricity consumption is explained at the theoretical
level. Secondly, a series of robustness tests, such as instrumental variables, are used to
identify the impact of urban sprawl on electricity consumption as accurately as possible
and unfold the heterogeneity. Finally, the spatial econometric model is utilized to expand
the analysis of the spatial spillover effects of urban sprawl and electricity consumption.
And, in order to provide intellectual support for urban spatial layout as well as green and
low-carbon development.

The marginal contribution of this paper may be reflected in three aspects. Firstly, in
terms of research perspective, it combines urban sprawl with electricity consumption. It
also examines the intrinsic mechanism of urban sprawl affecting electricity consumption
from land resources, private transportation, and green technology innovation. It expands
the study of the environmental effects of urban sprawl in the context of urbanization and
construction in China. Secondly, the impact of urban sprawl on electricity consumption is
examined in detail. Based on the spatial structure of cities, the strength of environmental
regulation, the level of technological innovation, and the geographic location, this paper
further analyzes the differentiated impacts of urban sprawl on electricity consumption so
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as to put forward more targeted recommendations. This paper analyzes the spillover effects
of urban sprawl and electricity consumption from the perspective of spatial correlation.
It makes up for the lack of spatial effects in the current research perspective and further
enriches the research in the field of urban sprawl.

The rest of the study is structured as follows: Section 2 is a literature review. Sec-
tion 3 attempts to elucidate the mechanism of action of urban sprawl in affecting electricity
consumption. Section 4 is the model setting and variable descriptions. Section 5 is the empir-
ical results, including the benchmark regression, robustness test, endogeneity problem test,
mechanism of action, heterogeneity test, and extended analytical analysis. Section 6 is the
discussion and analysis. Section 7 is the conclusions of research and policy recommendations.

2. Literature Review

The research in this paper deals with urban sprawl and electricity consumption. In or-
der to organize the research progress in these two areas in recent years, the literature closely
related to the research topic of this paper is divided into the following three categories
for review.

2.1. Connotation and Measurement of Urban Sprawl

Early on, the concept of “urban sprawl” was characterized by the continuous ex-
pansion of urban boundaries and a shift to urban land at the expense of rural land [26].
In contrast to “compact” cities, urban sprawl tends to be a haphazard and decentralized,
single-use and inefficient pattern of urban spatial expansion [27]. Urban sprawl refers to the
expansion of land beyond the needs of population growth, the gradual expansion of urban
economic activities to the periphery of the city, and the increasing decentralization of the
urban form [28]. Although there is no specific and unified definition of urban sprawl, there
is a consensus on its characteristics. And it is generally recognized that urban sprawl is char-
acterized by inefficient, low-density, and “frog-hopping” expansion [29-31]. Conceptual
uncertainty has led to a diversity of approaches to measuring urban sprawl. Urban sprawl
measurement is categorized into single-indicator and multi-indicator methods. Among
the single indicators, employment density [32,33], residential density [34], and population
density [35] are used to assess the extent of urban sprawl based on the “low-density” nature
of urban sprawl. Unlike the above literature, the urban sprawl index is also derived by com-
paring the growth rate of urban areas with the growth rate of the urban population [36,37].
On this basis, the degree of urban sprawl is assessed from the dimensions of urban land
expansion and urban population expansion with the help of lighting data [38—40], thereby
further broadening the scope of the study. In addition, unlike single-indicator measures,
urban sprawl measures have been extended to multi-indicator measures [41]. Based on
the characteristics of urban sprawl, density, utilization mix, and centrality are usually
important dimensions of multi-indicator measures of urban sprawl [42,43]. Frenkel and
Ashkenazi [44] used factor analysis to measure the three dimensions of density, scatter, and
land use mix with a total of 13 indicators to finally obtain a composite index for assessing
urban sprawl. Taking into account the local context and available data, the dimensions of
urban sprawl, urban compactness, and urban form have also been used to measure the
degree of urban sprawl in Shanghai [45].

2.2. Study on the Effects of Urban Sprawl

Much of the research on the effects of urban sprawl has focused on assessing the
socioeconomic and environmental effects of urban sprawl. In terms of socioeconomic
effects, urban sprawl negatively affects the frequency of community interactions and class
upward mobility [46—48]. In addition, there is a threshold effect of urban sprawl on eco-
nomic development, with appropriate urban sprawl promoting economic development
and excessive urban sprawl inhibiting economic development [49]. Regarding the environ-
mental effects of urban sprawl, existing views generally agree that urban sprawl reduces
the quality of the ecological environment [50,51] and significantly and negatively affects
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urban green total factor productivity [52]. Urban sprawl exacerbates PM, 5 emissions [53],
and fiscal decentralization also significantly strengthens the contribution of urban sprawl
to PM; 5 [54]. The expansion of urban space and the surge in urban population both have a
negative impact on CO; [55]. And urban sprawl mainly increases carbon emissions from
transportation, construction, and industrial sectors, which in turn raises the total urban
carbon emissions [56]. Similarly, urban sprawl increases urban air pollutant concentrations
through increased energy consumption and higher industrial production [57,58]. However,
there are differences in the impacts of different dimensions of urban morphology on air
quality, and while the urban scale has a significant impact on air quality, it is urban frag-
mentation that is the most important factor contributing to the deterioration of urban air
quality [59]. In addition to affecting air quality, urbanization with a lower percentage of
developed land use per capita tends to have higher concentrations of water pollution in
watersheds [60]. Overall, urban sprawl has had a negative impact on sustainable urban
development [61]. Unlike the above literature, another viewpoint claims that urban sprawl
can optimize land resource use efficiency and positively affect regional ecology and that
low sprawl can reduce per capita NOx and PM, 5 emissions from roads [62].

2.3. Study of the Factors Influencing Electricity Consumption

In a study on the influencing factors of electricity consumption, scholars discuss
the driving factors of electricity consumption at the micro level and macro level. At the
micro-individual level, personal moral constraints and positive expected emotions are
important factors influencing residents’ electricity consumption behavior [63]. Habits
are more important factors influencing residents’ electricity consumption behavior, and
residents with electricity-saving habits use an average of 15.54 kWh more electricity per
month compared to residents without electricity-saving habits [64]. Household appliances
and household size also contribute to household electricity consumption, and the positive
effect is greater for urban households [65]. In addition, household income also positively
affects electricity use, and electricity use behavior varies across age groups [66]. At the
macro level, the level of financial development [67,68] and the digital economy [69,70]
both affect electricity consumption. Electricity price is the most direct factor affecting the
behavior of residential electricity consumption, and an increase in electricity price can
reduce residential electricity consumption [71], and a marginal electricity price increase
of about 40% leads to a decrease in electricity consumption of about 35% [72]. Electricity
consumption changes in response to climate change, with higher cooling demand in the
summer and higher heating demand in the winter leading to an increase in electricity
consumption [73], and total electricity consumption is more sensitive to warming than
residential electricity consumption [74]. The urban form is also one of the important factors
affecting electricity consumption, with neighborhood density negatively correlating with
single-family residential summer electricity consumption [75]. The urban built-up area of
Chonggqing is the center of urban electricity consumption, and the electricity consumption
in the urban built-up area accounts for 34.34—45.69% of the electricity consumption in the
urban administrative area [76]. The urbanization process promotes residential electric-
ity consumption, which is heterogeneous at different stages of urbanization, and has a
more pronounced impact on rural residential electricity consumption compared to urban
residential electricity consumption [22].

By combing through the literature, the current results on urban sprawl and electricity
consumption are relatively rich, laying the foundation for further research in this paper.
However, taking a comprehensive view, there is still some room for improvement in the
research of the existing literature. In terms of research content, most studies focus on
assessing the impact of urban sprawl on the ecological environment, PM, 5, etc., and less
on exploring the impact of urban sprawl on electricity consumption, which is crucial for
urbanization and low-carbon development. Therefore, this paper focuses on the relation-
ship between urban sprawl and electricity consumption and its mechanism. In addition, in
terms of analyzing the differences in impacts, existing literature mostly analyzes the im-
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pacts from the perspective of city size, etc., while this paper will meticulously examine the
differences in the impacts of urban sprawl on electricity consumption from the perspective
of urban spatial structure, the level of environmental regulation, the level of technological
innovation, and the geographic location of the city. Moreover, the related literature focuses
on assessing the linear or nonlinear relationship of urban sprawl on environmental pol-
lution. Additionally, this paper will further explore the spatial spillover effects of urban
sprawl and electricity consumption from the perspective of spatial correlation.

3. Research Hypothesis
3.1. The Impact of Urban Sprawl on Electricity Consumption

The impact of urban sprawl on electricity consumption can be categorized into two
dimensions: production and living. Firstly, urban sprawl affects the way land resources
are allocated, bringing about a shift in production activities and an adjustment of the in-
dustrial structure, while there are obvious differences in the electricity demand of different
industries. At the present stage, government intervention and determination of spatial
allocation of land resources are still relatively common. In pursuit of economic construction,
local governments restrictively provide residential land, provide more industrial land, and
create industrial parks to track economic growth targets. The allocation of land resources
in favor of large-scale industrial land grants has led to the relocation of energy-consuming
and low-end industries, restricting the development of the service sector and the supply
of service products, and hindering the improvement of energy resource efficiency. Ur-
ban sprawl is inherently characterized by inefficient land resource allocation, and crude
production patterns contribute to the increase in industrial electricity consumption. Sec-
ondly, urban sprawl leads to low-density expansion, resulting in urban spatial disorder,
which makes residents more demanding in terms of mobility and so on. Urban sprawl
increases residents’ transportation demand, and the supply of public transportation is
difficult to meet residents” emergent requirements in a short period of time, leading to
a rapid increase in private car ownership. Urban sprawl increases the number of cars
in the city and also increases electricity consumption. Finally, excessive urban sprawl is
not conducive to the formation of agglomeration effects and inhibits green technological
innovation. Technological innovation has obvious spatial agglomeration characteristics.
Sharing, matching, and learning mechanisms are important for the diffusion and spillover
of innovative knowledge [77]. The urban spatial structure with over-expansion of land
weakens knowledge learning and technology spillover among firms, leading to inertia in
industrial green transformation and thus adversely affecting energy-efficient production.
In summary, the hypothesis was proposed as follows. The theoretical mechanism analysis
diagram is shown in Figure 1.
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Figure 1. Mechanism analysis diagram.
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Hypothesis 1. Urban sprawl can exacerbate electricity consumption.

3.2. Urban Sprawl, Land Resource Allocation, and Electricity Consumption

Land resources in the process of urban sprawl are allocated to land developers and bid-
ders who can bring the greatest profit returns, leading to changes in the scale and efficiency
of urban industries and affecting electricity consumption. First, local governments may
enhance land supply incentives and intensify urban sprawl under the influence of multiple
factors such as economic growth patterns, fiscal and land systems, and performance ap-
praisals. By controlling the primary market of land, local governments cheaply use sprawl
land for industrial use on a large scale in a variety of ways such as agreement transfer [78].
They lead the development of the industry and accelerate the process of industrialization
in order to achieve rapid economic growth in the short term and increase employment,
thus forming a “land for development” economic growth model [79]. Therefore, the mis-
match of land resources centered on the large-scale granting of industrial land and the
unsaturated supply of commercial and residential land has led to the rapid development of
energy-consuming and low-end industries, which is not conducive to the transformation of
the industrial structure. In addition, the formation of a crude economic growth pattern may
eventually lead to increasing electricity intensity. Second, the mismatch of land resources
brought about by urban sprawl leads to the inertia of the industrial system to reduce power
intensity. Local governments have, to a certain extent, acquiesced in the negative impact
on the environment brought about by the introduction of energy-intensive industries in
their development, which has contributed to their inertia in improving the efficiency of
energy utilization. This has led to high industrial electricity consumption in some areas.
Moreover, the lack of pressure and incentives for industrial firms that have acquired cheap
land to reduce industrial electricity consumption may also create negative incentives to
reduce electricity consumption. On the basis of this, the following hypothesis is proposed:

Hypothesis 2. Urban sprawl exacerbates electricity consumption by altering land resource allocation.

3.3. Urban Sprawl, Private Transportation, and Electricity Consumption

Urban sprawl changes the accessibility of urban space, affecting the lives of residents
and the way they travel on a daily basis. Urban sprawl leads to spatial decentralization of the
population and separation of jobs and housing. As the land area in the central city is limited,
the “sprawl” development model drives real estate development in the suburbs, making
central city housing prices much higher than those in the suburbs. As a result, many residents
who work in the central city choose to live in the suburbs, which are relatively remote and
inexpensive, creating a spatial mismatch between their place of residence and their place of
work. Under the living pattern of work-life separation, commuting distance and commuting
time increase, and people are highly dependent on transportation. Transportation is also an
important area of energy consumption, and the increasing number of road vehicles increases
electricity consumption. On the one hand, private transportation involves the construction and
maintenance of infrastructure such as roads, and this process inevitably increases electricity
consumption. On the other hand, in the short term, public transportation cannot match the
expanding and dispersed urban space. And due to the accessibility of private cars in time
and space, residents’ dependence on private cars for travel is becoming stronger. Urban
sprawl affects the mode of transportation used by residents for their daily trips and increases
their dependence on private transportation. And, the increase in private automobiles on
the consumer side invariably increases electricity consumption on the production side of
the vehicle. With the implementation of new energy vehicle development strategies, private
transportation might evolve into “driving with electricity”, further increasing electricity
consumption [80]. Based on this, the following hypothesis is proposed:

Hypothesis 3. Urban sprawl exacerbates electricity consumption by increasing reliance on private
transportation.
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3.4. Urban Sprawl, Green Technology Innovation, and Electricity Consumption

Urban sprawl has led to a gradual diffusion of economic activities concentrated in
urban centers to the surrounding areas. Compared with peri-urban areas, urban centers
have external economic and spillover effects such as specialized labor and capital, which
give them an advantage in the knowledge economy [81,82]. Urban sprawl promotes the
relocation of industries to peri-urban areas, impedes the flow and matching of factors such
as knowledge, and weakens the agglomeration effect of industries. However, industrial
agglomeration is an environment for technological innovation [83]. On the one hand,
industrial agglomeration promotes inter-firm competition and incentivizes technological
transformation, upgrading and renewal [84]. On the other hand, industrial agglomeration
facilitates complementarities among firms, which is conducive to the enhancement of
regional innovation capacity [85]. Compared with other activities, technological innovation
is more dependent on spillover effects and has spatial externalities. Urban sprawl lengthens
the spatial distance within cities, which is not conducive to the diffusion and sharing of
knowledge, technological information and human capital, and inhibits green technological
innovation. Green technology innovation follows the principle of ecological economy
and is an important means to improve energy utilization efficiency. Green technological
innovation can be used in the production side of the industry to promote clean production,
enhance energy saving, and reduce industrial electricity consumption. At the same time,
green technology innovation can be used in the field of new energy by reduce the use of
traditional fossil energy, helping to promote the transformation of the energy structure,
and reducing electricity consumption [86]. In general, urban sprawl is not conducive to
knowledge diffusion and technological innovation, which creates great resistance to the
green transformation of industrial enterprises and becomes a shackle to reduce electricity
consumption. Accordingly, the following hypothesis is proposed:

Hypothesis 4. Urban sprawl exacerbates electricity consumption by inhibiting green technol-
ogy innovation.

4. Materials and Methods
4.1. Model Setting
4.1.1. Baseline Regression Modeling

Based on the mechanism analysis, in order to test the impact of urban sprawl on
electricity consumption, the following benchmark model is constructed. The specific form
of the setup is shown in Equation (1).

InElec;; = o + BSprwal,, + 8X¢ + 1 + vi + &t D

Where i denotes city and t denotes year. InElec;; denotes the logarithmic value of total
electricity consumption of the i city in t year, Sprwal;; denotes urban sprawl index of the i
city in t year, Xj; is a control variable that may affect electricity consumption, y; is city fixed
effects, v, is the time fixed effects, and ¢;; is random error terms. The main coefficient of
interest in this paper is the 3, whose meaning is the effect of urban sprawl on electricity
consumption after controlling for regional characteristics.

4.1.2. Spatial Correlation Analysis

The global spatial autocorrelation index (Global Moran’s I) was used to determine
whether urban sprawl and electricity consumption are spatially correlated between regions,
as shown in Equation (2).

Global Moran/s I = )

2
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Where n is the sample size, x; and x; are the urban sprawl index (electricity consump-

tion) in i city and j city, respectively, and x is the mean value. Global Moran’s I is in the
range of [—1, 1]. When Global Moran’s I > 0, it means the spatial distribution is positively
correlated. Conversely, when Global Moran’s I < 0, it means that the spatial distribution is
negatively correlated. And, when Global Moran’s I = 0, it means that there is no spatial
correlation [87]. Wj; is the inverse distance spatial weight matrix.

The Local Moran’s I index scatter plot can well characterize the spatial agglomeration
of urban sprawl (electricity consumption), and the Local Moran’s I measurement is shown
in Equation (3).

Local Moran/s T = = — ©)]

the variables are defined as shown in Equation (2).

4.1.3. Spatial Econometric Models

Compared with traditional regression methods, spatial econometric models consider
the spatial dependence and spatial correlation of samples. And common spatial economet-
ric models are classified as spatial autoregressive model (SAR), spatial error model (SEM),
and spatial Durbin model (SDM), and the model settings are shown in Equations (4)—(6),

respectively [88].
InElecyy = pWijInElec;; + B1Sprwaly + BoXit + pi +1¢ + €t 4
InEleciy = B1Sprwaly, 4 B2Xit + Wi + e + @it , @it = AWj9,, + €t ®)
InEleciy = pWijInElecit + $1Sprwal;, + B2 Xt + B3WjSprwaly, + B4WiX,, + 1 + ¢ + @it (6)

Where i denotes city and t denotes year. InElec;; denotes the logarithmic value of total
electricity consumption of the i city in t year, Sprwal,; denotes the urban sprawl index of
the i city in t year, Xj; is a control variable that may affect electricity consumption, b is city
fixed effects, v, is the time fixed effects, and ¢j; is random error terms. Wj; is the inverse
distance spatial weight matrix. 33, p, and (34 are the spatial lag terms for urban sprawl,
electricity consumption, and other control variables, respectively.

4.2. Variable Measurement and Descriptive Analysis
4.2.1. Independent Variable

The urban sprawl index is the independent variable of this paper. Currently, there
are generally single-indicator measures and multiple-indicator measures for urban sprawl.
The multiple-indicator measures weaken the essential feature of excessive spatial growth
within urban sprawl. And, comparing with the data and technical processing of multiple
indicators, the single-indicator measure is more suitable for the analysis of econometric
models [31]. However, measuring urban sprawl using only methods such as the share
of construction land is too unitary. For this reason, based on existing studies [46,89] and
considering land expansion and population elements, this paper utilizes the ratio of the
growth rate of the built-up area of a city to the growth rate of the population in the
urban area to portray urban sprawl characteristics. The calculation method is shown in
Equation (7).

(LUR;¢/LURjo)
(POP;¢/POPjo)
In the formula, the LUR;; is the built-up area of the i city t year, and LUR;g is the

built-up area of the base period. The POP}; is the population of urban area of the i city t
year, and POPj is the population of the base period. The base period was chosen to be

@)

Sprwal,, =
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2008. When the Sprwal > 1, it means that the growth rate of the built-up area of the city is
greater than the growth rate of the population in the urban area. This indicates that the
phenomenon of urban sprawl, and the more the value deviates from 1 indicates that the
higher the degree of urban sprawl. When the 0 < Sprwal< 1, it means that the growth
rate of the built-up area of the city is smaller than the growth rate of the population in the
urban area, and there is no urban sprawl phenomenon.

4.2.2. Dependent Variable

The dependent variable in this paper is total urban electricity consumption, which is
logarithmized. With regard to city electricity consumption data, the caliber of city-level
statistics changed in 2017. For this reason, the urban electricity consumption data used
in this paper comes from the results of lighting data [90]. This dataisa 1 km x 1 km
resolution electricity consumption raster data. This paper further utilizes ArcGIS to parse
this gridded data into panel data of urban electricity consumption in China.

4.2.3. Control Variables

In addition to the above core explanatory variables, this paper also selects a series
of control variables to control other factors that may affect urban electricity consumption.
Based on the findings of the existing literature, six indicators, namely, the level of economic
development, the degree of government intervention, the level of educational input, indus-
trial structure, the level of opening up to the outside world, and the level of urbanization,
are selected as the control variables of the model. The specific descriptions are as follows.

(1) Level of economic development (Lnpgdp). Economic growth is usually an im-
portant factor contributing to the growth of electricity consumption [91,92]. And in this
case, the logarithm of real GDP per capita is used as a proxy variable for the level of
economic development.

(2) Degree of government intervention (Govern). The government may financially
invest in environmental protection programs and intervene in environmental quality objec-
tives, thereby negatively affecting electricity consumption [93]. In contrast, inappropriate
interventions can cause resource allocation distortions and efficiency losses, thereby in-
creasing electricity consumption. This paper uses the share of fiscal expenditure in GDP
for measurement.

(3) Level of educational input (Educate). Educational input is conducive to improving
the education level and energy-saving concepts of residents, affecting their energy-saving
behavior, which in turn has a negative impact on electricity consumption. In this paper, it
is expressed as the proportion of regional education expenditure to financial expenditure.

(4) Industrial structure (Instru). Generally speaking, a larger proportion of secondary
industry greatly increases urban electricity consumption. In this paper, the ratio of the
output value of the tertiary industry to the output value of the secondary industry is used
to characterize the transformation of the advanced industrial structure [94].

(5) Opening-up level (Openne). Increasing the level of openness to the outside world
may generate technological spillover effects and improve the efficiency of energy use.
But, it may also affect the local industrial structure, such as increasing the proportion of
local polluting industries and increasing electricity consumption [95]. In this paper, we
characterize the opening-up level by the share of actual FDI in GDP.

(6) Level of urbanization (Urbani). With the increase in the urbanization rate of the
population, lifestyle changes have prompted greater demand for basic domestic energy
consumption, such as household appliances and private cars, and population urbanization
has become an important driver of the increase in electricity consumption [76]. In this
paper, the level of urbanization is expressed as the share of the non-farm population in the
total population.
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4.2.4. Mechanism Variables

According to the relevant theoretical analysis and existing literature, this paper selects
land resource allocation and private transportation dependence as mechanism analysis
variables. (1) Land resource allocation (Landra): The spatial expansion brought by urban
sprawl may be more reflected in the large-scale use of industrial land. The expansion of
industrial land will inevitably squeeze commercial and residential land and cultivated
forest land and increase electricity consumption. For this reason, this paper chooses
the ratio of industrial land to urban construction land to measure the mismatch of land
resources. Among them, the area of industrial land is the sum of the area of industrial
land and storage land [96,97]. (2) Private transportation dependence (Ptrans): Urban
sprawl leads to a spatial decentralization of the population and a separation of jobs and
residences. Under the living pattern of job—residence separation, due to the increase in
commuting distance and commuting time, residents” dependence on motor vehicles for
travelling becomes stronger, thereby increasing electricity consumption. For this reason,
this paper chooses the logarithmic value of private car ownership to characterize the degree
of private transportation dependence [98]. (3) Green technology innovation (Pgpatt): Urban
sprawl lengthens the spatial distance within cities and weakens the agglomeration effect.
It is not conducive to the diffusion and sharing of knowledge, technical information, and
human capital, which inhibit green technological innovation and thus become a shackle to
reduce electricity consumption. Therefore, this paper chooses the per capita green patent
acquisition to characterize green technology innovation [99,100].

4.3. Data Source

The sample data in this paper is a panel dataset based on Chinese cities at the prefecture
level and above, covering 283 cities (due to missing data, cities with more missing values
such as Bijie and Tongren are excluded, and Tibet, Hong Kong, Macao, and Taiwan are
not involved). Due to the availability of data, the sample data spans from 2008-2019.
Built-up area, population of urban area, urban construction land area, and industrial and
warehousing land area were obtained from the “China Urban Construction Statistical
Yearbook”. The total urban electricity consumption was obtained from lighting data. The
control variables were obtained from the “China City Statistical Yearbook”. The data on
private car ownership were obtained from the CEIC database (https://www.ceicdata.com/
zh-hans (accessed on 1 June 2023)), and the number of green patents acquired by each city
was derived from the China Innovation Patent Research Database (CIRD) of the China
Research Data Service Platform (CNRDS). Among them, the real GDP was deflated to
eliminate the price effect with 2008 as the base period, and the missing data were filled in
using the interpolation method. The variable selection and descriptive statistics are shown
in Table 1.

Table 1. Descriptive description of variables.

Variables Obs Mean SD P25 P75

InElec 3396 22.9006 0.8026 22.3090 23.4516
Sprwal 3396 1.2060 0.2941 1.0022 1.3188
InPgdp 3396 10.4790 0.6275 10.0673 10.9088
Govern 3396 0.1879 0.0937 0.1248 0.2233
Educat 3396 0.1800 0.0416 0.1513 0.2067

Instru 3396 0.9295 0.5152 0.6230 1.0689
Openne 3396 0.0173 0.0174 0.0041 0.0246
Urbani 3396 52.6688 15.3768 41.4365 62.3275
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5. Results

5.1. Trends in Spatial-Temporal Evolution of Urban Sprawl and Electricity Consumption

In order to visualize the spatial and temporal evolution trend of urban sprawl and electricity
consumption, this paper uses ArcGIS to map the spatial distribution of urban sprawl and
electricity consumption in 2009 and 2019, respectively. As shown in Figures 2 and 3.
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Figure 2. Spatial-temporal evolution at the urban sprawl level. (a) 2009; (b) 2019. Note: Produced
based on the standard map with review number GS (2019) 1822 on the Ministry of Natural Re-
sources of the People’s Republic of China Standard Map Service website (http://bzdt.ch.mnr.gov.cn/
(accessed on 1 June 2023)), with no changes to the base map boundary.
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Figure 3. Spatial-temporal evolution of electricity consumption. (a) 2009; (b) 2019. Note: Produced
based on the standard map with review number GS (2019) 1822 on the Ministry of Natural Re-
sources of the People’s Republic of China Standard Map Service website (http://bzdt.ch.mnr.gov.cn/
(accessed on 1 June 2023)), with no changes to the base map boundary.

In terms of trends in temporal evolution, the level of urban sprawl increases sig-
nificantly over time during the period 2009-2019. A small number of cities were in the
not-yet-spreading stage, 63.60% of the cities had a sprawl index greater than 1, and the
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growth rate of the built-up area of cities was smaller than the growth rate of the urban
population in 2009. Up until 2019, the majority of Chinese cities showed the urban sprawl
phenomenon and were dominated by low sprawl types, 89.40% of cities had a sprawl index
greater than 1, and the sprawl indexes were in the range of 1.00-2.00. A small number of
cities have medium sprawl status. No city reached a high state of sprawl, i.e., an urban
sprawl index of 3.00 and above. The proportion of cities with different types of urban
sprawl is not balanced, and the spatial distribution is relatively decentralized. The overall
situation is characterized by “sporadic high-spread”. On a smaller administrative scale, a
significant increase in the degree of sprawl could be found in some cities such as Erdos,
Ya’an, and Anshun during the study period. Overall, urban sprawl is increasing, but it is
not out of control in China. This may be influenced by the price of land urban construction
gradually migrating from the central area to the periphery. Moreover, investment in land
development is an important source of funding for renovation and new town development.
A combination of factors has led to an increase in overall urban sprawl. At the same time,
however, urban sprawl is not yet uncontrollable, due to China’s two-way control of the
usage and quantity of land for urban construction.

In terms of general evolutionary trends, during the study period, the total electricity
consumption of cities has been increasing year by year. The electricity consumption of
most cities was less than 20 billion Kw-h in 2009, and urban electricity consumption in-
creased significantly in 2019. China’s average urban electricity consumption grew from
9.89 billion Kw-h to 14.17 billion Kw-h from 2009 to 2019, with an overall growth rate of
43.30% and an average annual growth rate of 4.33%. Cities with high electricity consump-
tion levels are mostly concentrated in the eastern region, such as Beijing and Shanghai,
and are clearly and progressively consuming more than 80 billion Kw-h of electricity. And
individual cities in the western region are also increasing their electricity consumption,
but overall urban electricity consumption is less than 60 billion Kw-h. The reason for this
phenomenon may be that electricity is also an essential production factor in industrial
production and is vulnerable to economic conditions and other factors. And industrial
electricity consumption occupies a large proportion of the city’s total electricity consump-
tion. The eastern coastal cities are economically ahead of the inland cities, which makes the
eastern coastal cities become the main force of electricity consumption.

5.2. Baseline Regression Results

Based on the econometric model constructed above, this paper examines the study
of the effect of urban sprawl on electricity consumption, and the results are presented
in Table 2. Column (1) of Table 2 shows the estimation results with only time and indi-
vidual fixed effects and without the inclusion of control variables, and columns (2) to
(7) gradually include city-level control variables. The regression results show that the
estimated coefficient of the effect of urban sprawl on electricity consumption without the
inclusion of control variables is 0.0232 and is significant at the 1% level. This result remains
largely stable with the gradual addition of city-level control variables. The result of column
(7), which includes the full set of control variables, shows that the sign of the regression
coefficient for the core explanatory variable, urban sprawl, is significantly positive at the 1%
level. The results of the baseline model estimation tentatively indicate that urban sprawl
significantly increases urban electricity consumption, validating Hypothesis 1.

As far as the control variables are concerned, the level of economic development signif-
icantly increases the consumption of electricity. As the main energy substance in production
and life, electricity is highly relevant to modern economic and social development. In the
secondary industry-dominated economic model to promote economic development, the
industry is still the most important sector of electricity consumption. Therefore, economic
development is the most important factor to increase electricity consumption, which is
similar to the finding of Song et al. [101]. The government is the main body of “emission
reduction and energy saving”, and the government’s policies and behaviors will have an
important impact on electricity consumption. At this stage, with the promotion of ecologi-
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cal civilization construction, local governments begin to pay attention to environmental
protection, promulgate policies to guide the development of energy-saving and emission-
reduction technologies, and force enterprises to green transformation and technological
innovation, which has a negative impact on electricity consumption. An advanced indus-
trial structure significantly reduces urban electricity consumption. Compared with the
traditional manufacturing industry and other secondary industries, the tertiary industry’s
power demand is smaller. Moreover, the upgrading of the industrial structure is essentially
the transfer of resource elements from inefficient to efficient sectors, which is conducive
to the improvement of urban energy efficiency and thus reduces electricity consumption,
and the result is basically consistent with the finding of Guang et al. [102]. Openness to
the outside world significantly increases electricity consumption. This may be due to the
fact that the increase in the level of openness to the outside world is accompanied by a
large inflow of FDI, which leads to the agglomeration of pollution-intensive industries
and promotes electricity consumption. The level of urbanization has a significant positive
relationship with electricity consumption, which means that the higher the level of regional
urbanization, the higher the regional electricity consumption. Rural residents consume
less electricity for living and travelling than urban residents. Therefore, the increase in the
urbanization rate leads to an increase in electricity consumption.

Table 2. Benchmark regression results.

Variables (1) InElec (2) InElec (3) InElec (4) InElec (5) InElec (6) InElec (7) InElec
Sprwal 0.0232 *** 0.0210 *** 0.0208 *** 0.0207 *** 0.0207 *** 0.0215 *** 0.0207 ***
(0.0050) (0.0046) (0.0046) (0.0046) (0.0046) (0.0045) (0.0042)
InPgdp 0.0917 *** 0.0903 *** 0.0880 *** 0.0841 *** 0.0791 *** 0.0731 ***
(0.0145) (0.0146) (0.0146) (0.0145) (0.0144) (0.0147)
Govern —0.0396 * —0.0570 *** —0.0362 —0.0435 * —0.0404 *
(0.0205) (0.0211) (0.0230) (0.0230) (0.0227)
Educat —0.0619 —0.0472 —0.0454 —0.0441
(0.0501) (0.0509) (0.0499) (0.0496)
Instru —0.0094 ** —0.0085 ** —0.0077 **
(0.0037) (0.0037) (0.0036)
Openne 0.2538 *** 0.2119 **
(0.0926) (0.0948)
Urbani 0.0008 **
(0.0003)
_cons 22.5999 *** 21.6913 *** 21.7111 *** 21.7485 *** 21.7884 *** 21.8325 *** 21.8570 ***
(0.0059) (0.1441) (0.1459) (0.1460) (0.1455) (0.1435) (0.1443)
Year Yes Yes Yes Yes Yes Yes Yes
City Yes Yes Yes Yes Yes Yes Yes
N 3396 3396 3396 3396 3396 3396 3396
R? 0.9730 0.9756 0.9757 0.9757 0.9759 0.9761 0.9763

Note: *, **, and *** denote 10%, 5%, and 1% significance levels, respectively. Values in parentheses are standard errors.

5.3. Robustness and Endogeneity Tests
5.3.1. Replacing the Measurement of the Independent Variable

Urban sprawl is typically characterized by rapid land expansion leading to a decen-
tralized distribution of population, which is reflected in low density and decentralization.
Higher urban population densities may indicate a greater likelihood of agglomeration of
economic activities and a lower tendency to urban sprawl. In contrast, in low population
density areas, the spatial structure tends to be decentralized and the tendency of urban
sprawl is higher [103]. This means that urban population density and the level of urban
sprawl are roughly inversely quantitatively related [104]. Therefore, the logarithmic value
of urban population density (InDens) is used to replace the urban sprawl index in the
benchmark regression as the independent variable. The results of the model estimation
are shown in column (1) of Table 3, where the coefficient of urban population density is
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significantly negative. This means that higher population densities can reduce electricity
consumption. And, it indicates that urban sprawl promotes electricity consumption.

Table 3. Robustness tests: changing the measurement of variables and removing policy-related disturbances.

Variables (1) InElec (2) InElec (3) InElec (4) InElec (5) InElec
InDens —0.0278 ***
(0.0065)
Sprwal 0.1969 *** 0.0200 *** 0.0238 *** 0.0203 ***
(0.0641) (0.0047) (0.0066) (0.0046)
_cons 21.8717 *** 5.4305 *** 21.8421 *** 21.8728 *** 21.8224 ***
(0.1454) (1.8667) (0.1568) (0.1935) (0.1659)
Controls Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes
City Yes Yes Yes Yes Yes
N 3396 3297 3060 2437 2863
R? 0.9762 0.7257 0.9744 0.9730 0.9737

Note: *** denote 1% significance levels. Values in parentheses are standard errors.

5.3.2. Replacing the Measurement of the Dependent Variable

Considering the possible bias of electricity consumption measured from lighting data,
the regression is further conducted using the whole society’s electricity consumption data
published in the statistical yearbook as the dependent variable [105]. The regression results,
as shown in column (2) of Table 3, show that the coefficient of urban sprawl is significantly
positive at the 1% level, again indicating that the conclusion of the baseline regression is
robust.

5.3.3. Removing Interference from Relevant Policies

Another challenge to the regression results is that in verifying the impact of urban
sprawl on electricity consumption, it may be interfered with by policies such as New
Energy Demonstration Cities, Low-Carbon Pilot Cities, and Broadband China. In order to
exclude the interference of the above policies and ensure the accuracy of the benchmark
regression, the samples of policy implementation are excluded from the regression, and
the results are shown in columns (3)—(5) of Table 3, respectively. Compared to the baseline
results, the significance level of the urban sprawl coefficient does not change after taking
into account the relevant policy disturbances. This also indicates that the conclusion that
urban sprawl increases electricity consumption remains robust.

5.3.4. Excluding Macro-Systemic Differences

(i) Incorporating multidimensional interaction fixed effects. Urban sprawl has different
development trends in different regions. Therefore, this paper controls for the unobservable
effects at the provincial level over time by controlling for the joint “province-year” fixed
effects. As shown in column (1) of Table 4, the Sprawl coefficient is still positive at the 1%
significance level. It remains consistent with the baseline regression results. (ii) Replacing
the standard error clustering hierarchy. The baseline regression refers to the general practice
of standard error clustering at the same level (city level) of the study object. However,
this clustering approach ignores the fact that there are often strong correlations (e.g.,
infrastructure, environmental regulation intensity, etc.) among cities in the same province.
We therefore re-clustered the standard errors to the province level and report the estimates
as a robustness test in column (2) of Table 4. As can be seen from the results, there is no
obvious change in the size or significance of the coefficients.
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Table 4. Robustness tests: excluding macro-systematic differences and removing outliers.

Variables (1) InElec (2) InElec (3) InElec (4) InElec
Sprwal 0.0130 *** 0.0207 *** 0.0259 *** 0.0200 ***
(0.0043) (0.0045) (0.0061) (0.0044)
_cons 24.0708 *** 21.8570 *** 22.0697 *** 21.7217 ***
(0.1924) (0.2156) (0.1807) (0.1609)
Controls Yes Yes Yes Yes
Year Yes Yes Yes Yes
City Yes Yes Yes Yes
Pro#Year Yes No No No
N 3396 3396 3396 3036
R? 0.9841 0.9763 0.9629 0.9751

Note: *** denote 1% significance levels. Values in parentheses are standard errors.

5.3.5. Removal of Outliers

(i) Excluding extreme value interference. In order to avoid possible outliers in the
data from influencing the benchmark regression results, this paper applies a bilateral 1%
shrinkage to all continuous variables. The results are shown in column (3) of Table 4,
and the core explanatory variable urban sprawl remains consistent with the benchmark
regression results. (ii) Excluding municipalities and provincial capital cities. On the one
hand, municipalities directly under the central government and provincial capital cities
may be affected by policy favoritism and may have a relatively large advantage in energy-
saving technology and high-quality human capital compared with general prefecture-level
cities. This makes the energy use efficiency of these cities stronger. On the other hand,
the governments of municipalities and provincial capitals generally pay more attention
to environmental issues. Tougher environmental constraints and more rational planning
of the urban sprawl process may also lead firms to favor green technological innovation.
Therefore, failure to exclude these factors may have some impact on the stability of our
estimation results. The results in column (4) of Table 4 show that the results remain robust
after excluding municipalities and provincial capitals.

5.3.6. Endogeneity Test

To mitigate the possible endogeneity problems of mutual causality and omission of un-
observable variables in the baseline regression, this paper adopts the instrumental variable
test to regress. Specifically, the relief degree of land surface is selected as an instrumental
variable for urban sprawl [98]. The greater the relief degree of land surface, the more
segregated it presents geographic features and the more dispersed population distribution.
This implies that the possibility of population density and industrial agglomeration is lower.
And the urban spatial pattern tends to develop in a more disorderly and decentralized
spreading pattern. Therefore, the relief degree of land surface theoretically positively affects
urban sprawl, and the relief degree of land surface does not directly affect urban power
consumption. It meets the requirement of exogeneity. However, since the relief degree of
land surface is a non-temporal variable, it is further constructed a cross-multiplier by the
relief degree of land surface and lagged period of the urban sprawl index. It is ultimately
used as an instrumental variable indicator (Tsrdls) of urban sprawl [106]. From the regres-
sion results in column (1) of Table 5 in the first stage, it can be seen that there is a significant
positive correlation between the instrumental variable (Tsrdls) and urban sprawl (Sprwal).
Also, the Cragg—Donald Wald F-statistic and Kleibergen-Paap Wald rk F-statistic, are both
greater than the Stock—Yogo critical value of 16.38 under the Stock—Yogo weak ID test
critical values (10%), thus ruling out the possibility of a weak instrumental variable. The
regression results from the second stage column (2) show that urban sprawl significantly
exacerbates urban electricity consumption. The above analysis shows that the baseline
regression conclusions of this paper still hold after considering potential endogeneity issues
using the instrumental variables approach.
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Table 5. Instrumental variables test.

. First Stage Second Stage
Variables
(1) Sprwal (2) InElec
Tsrdls 0.3923 ***
(0.0411)
Sprwal 0.0217 **
(0.0093)
Controls Yes Yes
Year Yes Yes
City Yes Yes
Observations 3113 3113
Cragg-Donald Wald F statistic 724.609
Kleibergen-Paap Wald rk F statistic 91.278
Stock—Yogo weak ID test critical values (10%) 16.38

Note: ** and *** denote 5%, and 1% significance levels, respectively. Values in parentheses are standard errors.

5.4. Mechanism Testing

Based on the theoretical analysis, this paper further identifies and tests the mechanism
by which urban sprawl affects urban electricity consumption through land resource alloca-
tion, private transportation and green technological innovation. The specific estimation
results are shown in Table 6. From the results in column (2) of Table 6, it can be seen that the
coefficient value of sprawl is significantly positive at the 1% level. It indicates that urban
sprawl changes the way of land resource allocation, increases the proportion of indus-
trial land, and indirectly promotes urban electricity consumption, verifying Hypothesis 2.
Columns (3)—(4) of Table 6 show the regression results for private transportation. It can be
seen that urban sprawl increases private transportation trips, and the number of private
cars increases, which promotes energy consumption [107], testing Hypothesis 3. From the
results in column (6) of Table 6, it can be seen that the coefficient of Sprwal is significantly
negative at the 5% level. This indicates that urban sprawl inhibits urban green technological
innovation, which is detrimental to the green transformation of the industry and indirectly
promotes urban electricity consumption, validating Hypothesis 4.

Table 6. Mechanism test results.

Variables (1) Landra  (2) Landra  (3) Ptrans (4) Ptrans (5) Pgpatt  (6) Pgpatt

Sprwal 0.0200 *** 0.0206 *** 0.0887 ** 0.0869 ** —0.3316 % —0.2816 **
(0.0076) (0.0074) (0.0436) (0.0422) (0.1748) (0.1429)
_cons 0.2193 *** 0.2829 4.3972 *** 2.0753 0.4735 *** 27.5717 ***
(0.0083) (0.2131) (0.0475) (1.3583) (0.1493) (6.0903)
Controls No Yes No Yes No Yes
Year Yes Yes Yes Yes Yes Yes
City Yes Yes Yes Yes Yes Yes
N 3371 3371 2935 2935 3396 3396
R? 0.0465 0.0505 0.9139 0.9163 0.2365 0.3470

Note: *, **, and *** denote 10%, 5%, and 1% significance levels, respectively. Values in parentheses are standard errors.

5.5. Heterogeneity Analysis

China is a vast country, with different spatial plans for different regions, different
environmental goal constraints, and different bases for innovation. The stage of economic
development also varies greatly, which may lead to a differentiation of the effects of urban
sprawl on electricity consumption. Therefore, this paper focuses on the four dimensions
of urban spatial structure, environmental regulation intensity, urban innovation base, and
urban geographic location to analyze heterogeneity.
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5.5.1. Heterogeneity Analysis of Urban Spatial Structure

Columns (2) and (4) of Table 7 report the heterogeneous effects of urban sprawl on
electricity consumption at different levels of sprawl. The paper categorizes the sample
cities into high and low sprawl groups according to whether the level of sprawl exceeds
the national average for cities. Among them, the regression results for the high sprawl
group are significantly positive, while the regression results for the low sprawl group are
insignificant. This indicates that the higher the level of urban sprawl, the more significant
the marginal incremental effect of urban sprawl on electricity consumption. The higher
the level of urban sprawl in the region, the longer the spatial distance between enterprises,
colleges and universities, research institutes, and other innovation subjects becomes, and
the agglomeration economic effect of innovation factors is weakened. This is not conducive
to the positive effect of agglomeration on innovation through risk diversification and
knowledge spillover, and it hinders the realization of industrial green transformation and
promotes electricity consumption. In addition, the higher the level of urban sprawl, the
greater the dependence of residents on private cars, and the more obvious the promotion
of electricity consumption.

Table 7. Heterogeneity of urban spatial structure.

High-Spread Low-Spread
Variables
(1) InElec (2) InElec (3) InElec (4) InElec
Sprwal 0.0201 *** 0.0177 *** —0.0047 —0.0060
(0.0052) (0.0039) (0.0122) (0.0105)
_cons 22.5709 *** 21.7036 *** 22.6479 *** 22.0757 ***
(0.0090) (0.2299) (0.0121) (0.1656)
Controls No Yes No Yes
Year Yes Yes Yes Yes
City Yes Yes Yes Yes
N 1254 1254 2142 2142
R? 0.9689 0.9731 0.9761 0.9785

Note: *** denote 1% significance levels. Values in parentheses are standard errors.

5.5.2. Heterogeneity Analysis of Urban Environmental Regulation Intensity

This paper further examines whether there are differences in the impact of urban
sprawl on electricity consumption across different urban environmental regulatory intensi-
ties. The strong environmental regulation group and the weak environmental regulation
group are divided according to whether the urban environmental regulation intensity is
greater than the national average for cities of environmental regulation intensity. As can be
seen from columns (2) and (4) of Table 8, the regression results for the strong environmental
regulation group are not significant, while urban sprawl has a significant contribution
to electricity consumption in the urban phase of weaker environmental regulation. This
suggests that higher environmental regulation strengthens the emission reduction concept
and environmental regulation behavior of local governments, raises the environmental
target constraints on local governments, and restricts land grants to high energy-consuming
enterprises. In addition, it can also force high-pollution and high energy-consumption
industries to accelerate the pace of green transformation. Environmental regulation is
used to prompt enterprises to participate in technological innovation, especially in areas
involving energy conservation and emission reduction, and to increase the innovation
power of industrial green transformation. This has to some extent weakened the role of
urban sprawl in promoting electricity consumption. When environmental regulations
are weaker, localities face less environmental pressure and less incentive to reduce land
concessions to energy-consuming enterprises and urban sprawl has a stronger effect on
electricity consumption.
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Table 8. Heterogeneity in urban environmental regulation.

Strong Environmental Regulation Weak Environment Regulation
Variables
(1) InElec (2) InElec (3) InElec (4) InElec
Sprwal 0.0226 0.0211 0.0237 *** 0.0205 ***
(0.0171) (0.0158) (0.0051) (0.0043)
_cons 22.3373 *** 22.0652 *** 22.6435 *** 21.8146 ***
(0.0194) (0.3288) (0.0062) (0.1545)
Controls No Yes No Yes
Year Yes Yes Yes Yes
City Yes Yes Yes Yes
N 488 488 2908 2908
R? 0.9713 0.9735 0.9729 0.9765

Note: *** denote 1% significance levels. Values in parentheses are standard errors.

5.5.3. Heterogeneity in the Level of Innovation Base

Differences in the green innovation base of cities may lead to differences in produc-
tion efficiency, which in turn leads to the spread of cities with heterogeneous electricity
consumption effects. In this paper, we use the total amount of green patents granted to
measure the city innovation base. And the sample is divided into a high green innovation
level group and a low green innovation level group based on the mean value of green
patent grants. As shown in columns (2) and (4) of Table 9, the regression coefficients of
urban sprawl are significantly positive at the 1% level for the low green innovation level
group and insignificant for the high green innovation level group. It indicates that the
effect of urban sprawl on electricity consumption shows very significant heterogeneity in
the characteristics of the urban green innovation base. Green technological innovation is a
key factor in improving energy efficiency, which helps industrial enterprises to clean up
and decarbonize their production, thus reducing electricity consumption. The higher the
level of urban innovation, the more it mitigates to some extent the contribution of urban
sprawl to electricity consumption.

Table 9. Heterogeneity in the level of innovation base.

High Green Innovation Level Low Green Innovation Level
Variables
(1) InElec (2) InElec (3) InElec (4) InElec
Sprwal 0.0154 0.0045 0.0229 *** 0.0228 ***
(0.0111) (0.0098) (0.0054) (0.0046)
_cons 23.6332 *** 22.4690 *** 22.3423 *** 21.8181 ***
(0.0118) (0.4200) (0.0066) (0.1547)
Controls No Yes No Yes
Year Yes Yes Yes Yes
City Yes Yes Yes Yes
N 683 683 2713 2713
R? 0.9779 0.9847 0.9731 0.9754

Note: *** denote 1% significance levels. Values in parentheses are standard errors.

5.5.4. Heterogeneity of Geographic Location

Cities in different regions have certain differences in economic development and
industrial structure. Therefore, the impact of urban sprawl on electricity consumption is
also likely to be heterogeneous, and it is necessary to conduct a comparative analysis by
region. Additionally, 283 cities at the prefecture level and above are categorized into three
regions: east, central, and west. From the regression results in Table 10, it can be seen that,
compared with the east and center, the more obvious the promotion effect of urban sprawl
on electricity consumption is in the western region. The reason may be that, since the
implementation of the Western Development Strategy in 2000, with the policy advantages
and the absorption of a large number of foreign production factors, the size of the cities in
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the western region has increased rapidly. And, the National New Urbanization Pilot Work
Program explicitly requires that new pilot cities should be tilted to the central and western
regions. The cities in the central and west regions accounted for 57% of the total number of
selected cities in 2014 and were as high as 61% in both 2015 and 2016. The phenomenon
of urban sprawl is obvious, leading to a more serious mismatch of land resources and a
significant rise in electricity consumption. However, the level of economic development of
cities in the east and central regions is leading the country, which has produced a strong
“siphon effect” on the resource elements of other regions, with a large number of foreign
laborers, high-quality capital, and other agglomerations. Based on that fact, human capital
and other characteristics of agglomeration ensure the innovation effect of human capital on
the driving role of industrial green transformation. This, to a certain extent, weakens the
negative effect of urban sprawl on electricity consumption.

Table 10. Heterogeneity of geographic location.

East Central West
Variables
(1) InElec (2) InElec (3) InElec
Sprwal 0.0083 0.0131 0.0332 ***
(0.0053) (0.0126) (0.0069)
_cons 21.8188 *** 22.0268 *** 21.4169 ***
(0.2533) (0.2002) (0.2489)
Controls Yes Yes No
Year Yes Yes Yes
City Yes Yes Yes
N 1200 1200 996
R? 0.9843 0.9734 0.9755

Note: *** denote 1% significance levels. Values in parentheses are standard errors.

5.6. Extensibility Analysis
5.6.1. Spatial Autocorrelation Analysis of Urban Sprawl and Electricity Consumption

OLS does not take into account the effects of spatial interactions between cities. This
may lead to biased results and conclusions that inherently lack spatial implications [108].
Therefore, the spatial relevance of urban sprawl is further considered to investigate whether
there is a significant difference in the effect of urban sprawl on electricity consumption on
its own and in neighboring cities. Before conducting the spatial econometric analysis, the
existence of the spatial effects of urban sprawl and electricity consumption are examined
separately. To this end, a spatial autocorrelation test was conducted using the global
Moran’s I index method, and the results are shown in Table 11. The global Moran’s I
value for urban sprawl are all positive and pass at least the 5% significance level test
overall. There are individual cases of non-significance, but basically it can be assumed
that there is spatial correlation of urban sprawl. The global Moran’s I value for electricity
consumption are concentrated at 0.109-0.113, and all pass the 1% significance level test,
that is, it indicates that electricity consumption has strong spatial autocorrelation. This
phenomenon may be attributed to the fact that there is an economic competition effect
between cities, which makes the industrial structure tend to be homogeneous. This results
in the increase of electricity consumption in the region, which significantly increases the
electricity consumption of other cities. And, local governments may have formed vicious
competition in land allocation, resulting in a significant positive spatial spillover effect of
urban sprawl.

In order to better reflect the characteristics of spatial agglomeration, two representative
years, 2009 and 2019, are selected to produce Moran’s I index scatterplots of urban sprawl
and electricity consumption. The results are shown in Figures 4 and 5. As can be seen
in Figure 4, the local Moran’s I index of urban sprawl is mostly clustered in the third
quadrant, showing obvious Low-Low clustering characteristics in 2009. However, after
a decade of development, the distribution of urban sprawl scatter points is more decen-
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tralized in 2019, and the low aggregation gradually moves to the first quadrant, tending
to High-High aggregation. This indicates that the level of urban sprawl is increasing, but
there are differences in the strategic orientation, development planning, and economic
foundation of each city. This leads to obvious regional differences in the level of urban
sprawl in China, and the spatial correlation of urban sprawl is weakened. As can be seen
in Figure 5, the change in the scatter distribution of Moran’s I index of urban electricity
consumption between 2009 and 2019 is not obvious. The data points are more evenly
scattered in the four quadrants, and the local Moran’s I index is significantly positive at
the 1% level. This suggests that urban electricity consumption is strongly influenced by
neighboring regions, that is, the coexistence of “High-High”, “High-Low”, “Low-High”,
and “Low-Low”. However, there are relatively more data points distributed in the first
and third quadrants, and the phenomena of “High-High” and “Low-Low” aggregation
are more obvious. This suggests that there is both spatial dependence and heterogeneity
in urban electricity consumption. It is the result of a combination of the cities” industrial
structure and ecological emphasis, and the implementation of the concept of synergistic
regional governance.

Table 11. Global Moran’s I value.

InElect Sprwal

Year

Moran’s I 4 sd(I) Moran’s I 4 sd(I)
2008 0.111 *** 22.184 0.005 —0.000 0.607 0.005
2009 0.111 *** 22.189 0.005 0.018 *** 4.369 0.005
2010 0.112 *** 22.425 0.005 0.001 0.840 0.005
2011 0.113 *** 22.645 0.005 0.009 *** 2.550 0.005
2012 0.113 *** 22.648 0.005 0.007 ** 2.112 0.005
2013 0.110 *** 22.025 0.005 0.005 ** 1.736 0.005
2014 0.110 *** 22.024 0.005 0.005 ** 1.713 0.005
2015 0.110 *** 21.946 0.005 0.006 ** 1.822 0.005
2016 0.109 *** 21.911 0.005 0.007 ** 2.015 0.005
2017 0.109 *** 21.893 0.005 0.012 *** 3.057 0.005
2018 0.109 *** 21.857 0.005 0.016 *** 3.825 0.005
2019 0.109 *** 21.842 0.005 0.012 *** 2.950 0.005

Note: **, and *** denote 5%, and 1% significance levels, respectively.
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Figure 4. Localized Moran scatter plot of urban Sprawl. (a) 2009; (b) 2019.
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Figure 5. Localized Moran scatter plot of electricity consumption. (a) 2009; (b) 2019.

5.6.2. Results of the Spatial Effects Test

Due to the existence of spatial correlations, this paper further analyzes them using
spatial econometric models. Firstly, the inverse distance spatial weight matrix is used to
estimate the spatial error model (SEM), spatial autoregressive model (SAR), and spatial
Durbin model (SDM). The appropriate spatial econometric model was selected using the
LM test, etc., and the specific results are shown in Table 12. The regression results show that
the LM statistic and robust LM statistic of the spatial error model passed the 1% significance
level test, but the LM statistic and robust LM statistic of the spatial lag model failed the
significance test. In addition, based on the results of the test, the spatial error model with
double fixation of time-area was chosen as a way to explain the spatial impact of urban
sprawl on electricity consumption. From the estimation results of the spatial error model,
the spatial coefficient A of the spatial error term is 3.4318 and passes the 1% significance
level test. It indicates that there is a significant spatial agglomeration phenomenon and
spatial dependence on urban electricity consumption. That is, the electricity consumption
of a city is not only related to its own factors but also affected by the neighboring cities,
and the spatial correlation is mainly reflected in the random error term.

Table 12. Spatial measurement model estimation.

SEM SAR SDM
Variables
(1) InElec (2) InElec (3) InElec
Sprwal 0.0168 *** 0.0189 *** 0.0185 ***
(0.0019) (0.0020) (0.0020)
A 3.4318 ***
(0.0603)
p 2.5635 *** 2.5983 ***
(0.0361) (0.0369)
W x Sprwal 0.0675 **
(0.0324)
LM Test 1.247
LM-error 1211.472 ***
Robust LM-error 1212.660 ***
LM-lag 0.676
Robust LM-lag 1.864
Irtest both ind,df(10) 395.21 ***
Irtest both time,df(10) 23170.50 ***
Controls Yes Yes Yes
Year Yes Yes Yes
City Yes Yes Yes
N 3396 3396 3396
R? 0.2893 0.0086 0.1244

Note: ** and *** denote 5%, and 1% significance levels. Values in parentheses are standard errors.
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6. Discussion

This study confirms that urban sprawl exacerbates the impact of electricity consump-
tion in China. Similarly, Spain faces rapid urban sprawl, with greater urban sprawl
associated with higher electricity consumption [109]. Living in detached dwellings boosts
electricity consumption, and urban sprawl may be an important driver of future surges in
electricity consumption [110]. It is of great significance to grasp the interaction between
urban spatial patterns and energy consumption, and then promote the construction of
new urbanization and high-quality urban development. However, there are still some
shortcomings in this paper. Firstly, this paper mainly utilizes statistical yearbook data
to measure the urban sprawl index, while the statistical data “urban built-up area” may
include some parts that do not belong to “cities” in the strict sense. This may have a certain
impact on the results of urban sprawl measurement. Therefore, with the help of new data
and methods, such as lighting data, extracting urban area and population data to measure
urban sprawl, which is a breakthrough point in the future. Secondly, this paper describes
and examines the mechanism of urban sprawl on electricity consumption from the aspects
of land resource allocation, private transportation, and green technology innovation, as
well as deepens the understanding of the relationship between urban sprawl and electricity
consumption. But, the impact mechanisms of urban sprawl on electricity consumption
is more complex. In the future, the impact mechanisms of urban sprawl on electricity
consumption will be analyzed from more dimensions. Third, due to data limitations, this
paper takes prefecture-level and above cities in China from 2008 to 2019 as research samples
to explore the relationship between urban spatial patterns and energy consumption. The
iteration of practice and strategic planning leaves the timeline of the study to be improved.
Meanwhile, the promotion of urbanization with counties as important carriers is a new
focus in China. Therefore, a more microscopic and detailed study on the relationship
between spatial patterns and energy consumption in counties are possible further research.

7. Conclusions

This paper empirically examines the impact and mechanism of urban sprawl on elec-
tricity consumption based on the measurement of the urban sprawl index by processing the
panel data of 283 prefectural-level and above cities in China from 2008 to 2019. Secondly,
the heterogeneity of urban sprawl on electricity consumption is analyzed from four dimen-
sions: urban spatial structure, environmental regulation intensity, urban innovation base,
and urban geographic location. The SEM model is further used to investigate the impact of
urban sprawl on electricity consumption, and the main conclusions are as follows: (1) In
general, the levels of urban sprawl and urban electricity consumption show an upward
trend. There are obvious differences between urban sprawl and electricity consumption
in China. And, the spatial distribution of urban sprawl is relatively decentralized, while
the cities with high electricity consumption levels are mostly concentrated in the eastern
coastal areas. (2) Urban sprawl exacerbates electricity consumption. The conclusion still
remains after the robustness test and the consideration of endogeneity issues. Urban sprawl
exacerbates electricity consumption by changing the allocation of land resources, increasing
the dependence on private transportation and inhibiting green technology innovation.
(3) The effect of urban sprawl on electricity consumption is more pronounced in cities with
high levels of sprawl, weak environmental regulations, and low levels of green innovation,
as well as in west cities. (4) The Moran index shows that urban sprawl and electricity
consumption both have a significant positive spatial correlation. The estimation of the
SEM model shows that the electricity consumption of cities is not only related to their own
regions but also influenced by the neighboring regions, and the spatial correlation is mainly
reflected in the random error term.

Based on the above research conclusions, the following suggestions can be obtained.
(1) Reasonable planning of urban spatial patterns, focusing on the improvement of energy
utilization efficiency. In the process of new urbanization, we should comply with the
reasonable demand of population density and economic growth and scientifically plan
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the urban development boundary. And, weighing the proportion of urban industrial land,
residential land, and agricultural land. Correcting the short-sighted behavior of local
governments in “seeking development with land” and reduce the degree of mismatch of
urban land resources. Activating idle industrial land and optimize the spatial layout of
industries; Promoting the advanced industrial structure in a gradual and orderly manner.
And, paying attention to the integration of industry and city, the balance of business and
residential development, and functional composites in the planning and construction of
industrial parks. In addition, we will increase the compactness of urban spatial layout and
reduce unnecessary commuting for seeking living services. Emphasis will be placed on
the development of high-capacity green public transportation to reduce the proportion of
private car trips. At the same time, promoting industrial specialization and diversified ag-
glomeration and facilitates knowledge flow, matching, and sharing. (2) Based on regional
development characteristics and advantages, differentiated territorial spatial planning
should be introduced. Cities should strengthen the forcing effect of environmental regula-
tion policies and continuously promote the improvement and innovation of environmental
regulations. The demand for low-carbon development should be reflected in national
spatial planning. With the help of stringent environmental regulation policy tools, the
efficiency of land utilization can be improved. At the same time, it promotes intensive
spatial layout and clustered industrial development mode and gives full play to the knowl-
edge spillover effect to improve the cultivation of green innovation activities and help the
green transformation of the industry. Urban sprawl in the eastern and central regions has
not significantly exacerbated power consumption, and the optimal level of agglomeration
and optimal city size should be maintained. In the western region, it is necessary to make
full use of factor pooling, knowledge sharing, and technological spillover to promote the
green development and transformation of cities and maintain a moderate spreading trend.
(3) Regional alliances and establishing synergistic mechanisms for low-carbon development
should be strengthened. Urban sprawl and electricity consumption have a positive spatial
spillover effect. Therefore, sustainable urban development must abandon the “beggar-thy-
neighbor” mode of thinking and break down urban administrative boundaries. Regional
cooperation and establish a series of cooperative mechanisms should be strengthened, such
as information sharing and joint law enforcement. The exchange of experience in land
space planning between cities and the matching of measures to improve energy efficiency
should be promoted, thus effectively mitigating the boosting effect of land sprawl on
electricity consumption. We should deepen the reform of officials’ performance appraisal
system and continue to weaken the share of GDP growth rate in the performance appraisal
of local officials. We should seek focus points for the emerging competitiveness of cities,
reduce energy consumption and change the development model, and rationally promote
the construction of new urbanization.
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