. land

Article

How Is Spatial Planning Adapting to Climate Change?
A Textual Analysis Based on the Territorial and Spatial Plans of
368 Chinese Cities

Kebin Zhou 12, Shifu Wang 1-34-*

check for
updates

Citation: Zhou, K.; Wang, S.; Feng, Y.
How Is Spatial Planning Adapting to
Climate Change? A Textual Analysis
Based on the Territorial and Spatial
Plans of 368 Chinese Cities. Land
2023,12,1993. https://doi.org/
10.3390/1and 12111993

Academic Editors: Lei Qu and

Remon Rooij

Received: 15 September 2023
Revised: 26 October 2023
Accepted: 27 October 2023
Published: 31 October 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Yucheng Feng !

School of Architecture, South China University of Technology, Guangzhou 510640, China;
arzhoukebin@mail.scut.edu.cn (K.Z.); 202221006555@mail.scut.edu.cn (Y.F.)

2 Architectural Design & Research Institute of South China University of Technology, Co., Ltd.,
Guangzhou 510640, China

State Key Laboratory of Subtropical Building Science, South China University of Technology,
Guangzhou 510640, China

Guangdong Urban and Rural High-Quality Development Research Center, Guangzhou 510640, China
*  Correspondence: archcity@scut.edu.cn; Tel.: +86-135-2518-5436

Abstract: Spatial planning is broadly acknowledged for its pivotal role in local climate change adap-
tation. Nevertheless, variations persist among countries in their perceptions and practices concerning
the effectiveness and feasibility of utilizing spatial planning for climate change adaptation. Chinese
cities confront the challenges of global warming, rapid urbanization, and intensified extreme weather
events. Climate change adaptation agreements, frameworks, and policies have predominantly em-
phasized the national scale, often overlooking local adaptation efforts. However, the ongoing reform
and restructuring of China’s territorial and spatial planning system encompasses the categorization,
hierarchical management, control of comprehensive national land resource development, and con-
servation. This process is gradually establishing spatial planning strategies that synergize with the
impacts of climate change, thereby offering an opportunity to integrate climate change adaptation
objectives into spatial planning. This endeavor is supported by a series of regulatory standards and
guidelines to ensure its effective implementation. The study scrutinizes the public draft of territorial
and spatial master plans for 368 Chinese cities to assess the integration of climate change concerns
at the local level and to identify disparities among cities. Employing the Awareness, Analysis, and
Action Framework (3A Framework), which draws from prior scholarship and integrates relevant
existing research, we identified and assessed 30 criteria for recognizing and appraising climate change
adaptation strategies in territorial and spatial planning. The study’s findings indicate that: (1) The
role of territorial and spatial planning in integrating climate change issues at the city level requires
enhancement, as reflected in the generally low “awareness” of climate change concerns, limited
“analytical capacity” regarding climate change, and a certain foundation for “action response” to
climate change adaptation; (2) Large cities, characterized by robust economies and population con-
centrations, generally outperform small and medium-sized cities. They exhibit a superior ability to
delineate quantifiable climate adaptation indicators and measures. In conclusion, the study provides
prospective recommendations concerning technical approaches, spatial governance, mechanisms,
and actions to more effectively incorporate climate change adaptation objectives into local-level
territorial and spatial planning.

Keywords: climate change adaptation; Chinese cities; territorial and spatial planning; the awareness-
analysis-action framework

1. Introduction

Addressing climate change necessitates tailored responses at various spatial scales [1,2],
with the potential for climate action at the city level often significantly underestimated
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when compared to global and national policy responses [3]. The Intergovernmental Panel
on Climate Change (IPCC) in its Fifth Assessment Report identifies cities as primary areas
at risk from climate change [4], underscoring the growing significance of climate change
research within urban contexts. International literature has likewise substantiated the
critical role of cities in climate change mitigation and adaptation efforts [5-7].

Urban-scale research has increasingly focused on studies pertaining to urban spatial
planning that incorporate climate considerations. Spatial planning is progressively acknowl-
edged as a mechanism and tool for both mitigating and adapting to climate change [8,9].
It can effectively integrate urban spatial layout, optimize spatial form, and strategically
manage land use and infrastructure layout [10,11]. The interaction among these elements
constitutes the primary driver of climate change across all scales [12]. Furthermore, ad-
dressing the uncertainty associated with climate change necessitates a transformation in
spatial planning regarding its objectives, content, and methods. Spatial planning objec-
tives must place greater emphasis on the dynamic coordination of economic and societal
development with resource and environmental considerations [13]. The content of spatial
planning should highlight the assessment of climate change impacts [14] and integrate
climate adaptation themes and tasks across different spatial scales [15]. It should also
enhance the utilization of planning methods such as scenario planning, dynamic iterative
adjustments, and community engagement [16-18]. Simultaneously, spatial planning holds
the potential to serve as an effective governance instrument for addressing climate change
at the local level through its influence on policy measures for spatial development [19-21].

In Western nations, the incorporation of climate change adaptation objectives into
spatial planning has evolved into a mainstream policy. For instance, in the United King-
dom, urban planning has been recognized as a crucial strategic tool in addressing climate
change. This recognition has led to the enhancement of planning systems at the national,
regional, and local levels. It involves strengthening specialized climate adaptation analyses
within urban planning, the integration of spatial research and adaptation strategies, and
the incorporation of tools such as strategic environmental assessments, sustainable assess-
ments, and climate impact analyses [22]. In the United States, a precise approach involves
setting practical climate goals through comprehensive climate assessments. This approach
explores long-term, actionable climate adaptation actions and promotes coordinated efforts
through multi-stakeholder collaboration [23]. Germany has initiated climate adaptation
efforts by starting with the construction of regional climate models. This approach has led
to the implementation of climate-resilient regional planning and urban planning practices.
These practices encompass initiatives such as reducing vehicular transportation, promoting
public and pedestrian-friendly transportation options, advocating for land-efficient resi-
dential area structures, facilitating functional layouts conducive to climate protection, and
promoting sustainable land-use choices. This has also driven the adoption of green urban
renewal models [24,25]. Conversely, in developing countries and economies that have
developed later, the potential of spatial planning in climate change adaptation remains
unrealized. This can be attributed to the lag in the modernization of their urban planning
in comparison to Western nations, compounded by an insufficient system of planning
regulations and policies [20,26].

For several decades, China has been considered one of the regions that are most
susceptible to climate change, and the repercussions of climate change present substantial
challenges to urban areas [27]. China has a rich history of engagement in climate programs
and agreements, with endeavors to combat climate change dating as far back as the late
1980s. Furthermore, it has systematically developed a planning framework for climate
change adaptation since the early 21st century. Nevertheless, China has long grappled with
the absence of a prevailing standard in the realm of climate change and spatial planning
research. The recent reform of territorial and spatial planning has comprehensively coor-
dinated the planning entities, planning content, technical standards, and implementation
mechanisms pertaining to various spatial elements. It has aimed to establish a systematic
management and control framework for the rational development and protection of terri-
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torial resources on a regional scale. This reform has bolstered the policy orientation and
synergistic effects of spatial planning, enabling effective responses to urban security issues
stemming from climate-related disasters. Simultaneously, the National Climate Change
Adaptation Strategy 2035 advocates for the integration of climate change adaptation within
territorial and spatial planning. It also envisions the creation of a multi-tiered regional
framework for climate change adaptation.

To prepare cities for the adverse impacts of climate change, local authorities must
improve their adaptive capacity [28]. Moser and Luers (2008) delineated three pivotal
dimensions that warrant heightened emphasis in assessing how California resource man-
agers prepare for the risks associated with ongoing climate change. These dimensions
encompass: awareness of climate-related risks, analytical capabilities to translate these
climate risk insights into concrete planning and management activities, and the extent of
actions undertaken to mitigate these risks. Awareness, analysis, and action constitute the
three critical dimensions that decision-makers must bolster to establish and implement
the capacity for climate change adaptation and mitigation [28]. Meanwhile, because ter-
ritorial and spatial planning represents a relatively novel planning system, research on
how Chinese cities engage with climate change within the realm of local spatial planning
remains limited.

Employing the 3A analytical framework, this study performed a textual analysis of
territorial and spatial master plans from 368 cities and regions nationwide. This analysis
incorporated 30 revised criteria and sought to provide a critical assessment of the integration
of climate change adaptation considerations into territorial and spatial planning. The aim
is to fill this void by addressing two core research inquiries: (1) To what extent can Chinese
cities proficiently incorporate climate change considerations into their territorial and spatial
planning, and what strategies are most effective in doing so? (2) What are the discernible
distinctions in territorial and spatial planning between cities of varying types and sizes,
what factors primarily contribute to these distinctions, and how can they be ameliorated?
The outcomes of this examination can serve as valuable references for other cities across
China as they embark on the endeavor of formulating and enhancing their territorial and
spatial planning to better accommodate the challenges of climate change. The study will
also assist local governments in identifying critical areas that require innovative response
measures to enhance future planning practices.

The subsequent sections of the paper are structured as follows: Section 2 reviews
the evolution of climate change policies and initiatives in China, outlines the composition
of China’s territorial and spatial planning system, and provides an overview of research
progress in climate change adaptation within spatial planning in China. In Section 3, we
elaborate on the study’s methodology, encompassing the establishment of the evaluation
framework, definition of evaluation criteria, case sample selection guidelines, and data
analysis procedures. Section 4 delves into the comprehensive and partial evaluation out-
comes. Section 5 engages in a discussion of the study’s key findings. Lastly, Section 6 offers
a summary of the research, highlighting its limitations and presenting future perspectives.

2. Development Context and Research Progress Regarding China’s Climate Change
Response and Territorial and Spatial Planning

2.1. Strategic Measures and Policy Responses to Climate Change in China

Due to its diverse climate patterns, China holds a pivotal role as both a highly sen-
sitive region and a prominent influencer within the realm of global climate change. In
2002, the Ministry of Science and Technology (MOST) spearheaded the initiation of a na-
tionwide climate change assessment initiative, culminating in the subsequent release of
four national assessment reports on climate change [29]. The most recent report indicates
that, in the context of global warming, China is experiencing a notable upward trend in
near-surface temperatures, a general increase in annual precipitation, coastal sea level rise
exceeding the global average for the same timeframe, and climate change posing varying
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degrees of threats to food security, ecological security, national security, and water resource
security [30].

China’s strategies, actions, and mechanisms for climate adaptation primarily com-
menced in the early 21st century. In 2007, the National Leading Group on Climate Change,
Energy Conservation, and Emission Reduction was established. In that same year, the
National Development and Reform Commission (NDRC) released China’s inaugural Na-
tional Climate Change Programme. This program advocated the integration of climate
change considerations into both the overarching national economic and social development
plans and regional planning. It also outlined specific directives for greenhouse gas (GHG)
emissions control, bolstering adaptive capacity to climate change, leveraging scientific and
technological advancements and innovation, and enhancing institutional frameworks [31].
Subsequently, provincial development and reform departments formulated localized cli-
mate change mitigation plans. Although China has a lengthy history of engagement in
climate programs and agreements, it did not establish explicit climate change goals until
the 12th Five-Year Plan [32].

Since 2013, China has significantly accelerated the development and issuance of
climate change adaptation strategies and plans. Notably, these include the release of the Na-
tional Climate Change Adaptation Strategy [33], the National Plan for Addressing Climate
Change (2014-2020) [34], as well as action plans dedicated to climate change adaptation
within urban and forestry sectors. The government also announced the initiation of the first
phase of climate-adapted city construction involving 28 cities or regions [35]. Concurrently,
building on implementation outcomes and accumulated experience, China introduced
the National Climate Change Adaptation Strategy 2035 (NCCAS 2035), characterized by
enhanced detail and operational precision compared to previous adaptation plans. This
comprehensive strategy was publicly unveiled [36], along with a notice outlining the ex-
pansion of a new series of pilot projects focused on climate-adapted city construction [37].
These pivotal documents and actions mark the culmination of policy formulation and
demonstration efforts, progressing from the central government to departmental levels and
subsequently to local authorities. This concerted effort has not only fostered strategic guid-
ance for climate change adaptation in key areas and regions, but also laid the foundation
for China’s nascent policy framework dedicated to climate change adaptation.

2.2. The Formation and Attributes of the Territorial and Spatial Planning System

Historically, China’s spatial planning encompassed a range of categories, including
main functional area planning overseen by the Department of Development and Reform,
urban and rural planning managed by the Department of Urban and Rural Planning,
land and land use planning administered by the Department of Land and Resources,
ecological environment protection planning under the jurisdiction of the Department of
Ecological Environment, and marine function zoning supervised by the Department of
Marine Affairs, among others. These various planning types at different administrative
levels have given rise to corresponding spatial planning systems, each designed to fulfill
specific functions and regulations. They have collectively played a constructive role in
facilitating the organized growth of urban and rural regions and promoting the judicious
use of space (Figure 1). However, the proliferation of spatial planning categories has
resulted in a lack of coherence between plans, leading to fragmentation and substantial
overlap among planning departments. Furthermore, local authorities frequently engage
in unregulated modifications to planning, significantly impeding the efficiency of spatial
governance and the overall quality of development outcomes [38].
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Figure 1. Current principal spatial planning in China.

In pursuit of this objective, China has undergone a pragmatic endeavor aimed at
amalgamating urban and rural planning with land use planning into a unified plan. This
endeavor has also sought to merge national economic and social development planning
with the aforementioned plans, despite their inherent contradictions and disparities. Addi-
tionally, the effort has extended to the integration of national economic and social devel-
opment planning, urban and rural planning, land use planning, ecological environmental
protection planning, and various other planning components into a single comprehensive
plan [39]. Progress has been achieved in mitigating spatial control conflicts, streamlining
the approval processes, and optimizing the spatial configuration of urban and rural areas.
However, despite these accomplishments in technical coordination, the enduring conflicts
embedded within the planning system remain unresolved [40-42].

Since late 2012, China has intensified its efforts to reform and institutionalize the spa-
tial domain. In 2013, the proposal for establishing a spatial planning system and reforming
the planning system was first introduced [43]. Grounded in the reform of the ecological
civilization system, the emphasis shifted toward constructing a spatial planning system
centered on spatial governance and the optimization of spatial structures. This system
aimed for national cohesion, connectivity, hierarchical management, and the realization of
the “one plan and one blueprint for one city and county” objective [44]. This endeavor also
became a pivotal means for China to resolve the conflicts arising from multiple regulations
and to advance the modernization of its national governance system and capacity. Initiated
with top-level design, China executed institutional reform of the planning system and es-
tablished the Ministry of Natural Resources, taking the lead in instituting the territorial and
spatial planning system and overseeing its implementation [45]. This initiative provided
organizational context and institutional assurance for the actualization of genuine “multiple
planning into one.” In 2019, China advocated the integration of spatial planning—including
main functional area planning, land use planning, and urban and rural planning—into a
unified territorial and spatial planning system. This highlighted that territorial and spatial
planning serves as the comprehensive blueprint guiding and regulating territorial space
development and utilization. Furthermore, it elucidated the overarching framework of
“five levels and three categories” within territorial and spatial planning [46] (Figure 2).
Within this framework, master planning encapsulates the strategic objectives formulated
by local governments at all levels [47] and constitutes the cornerstone of the national terri-
torial and spatial planning system. Detailed planning is interpreted as the implementation
arrangements for specific land use, development, and construction intensity. Meanwhile,
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specialized planning pertains to the spatial layout for development, conservation, and
utilization in specific regions and sectors to delineate specific functions [46].
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Figure 2. China’s territorial and spatial planning system: The “Five Levels, Three Categories, and
Four Subsystems”.

2.3. Research Advancements in Climate Change Adaptation of Spatial Planning in China

The emergence of numerous climate change-related adaptation agreements, frame-
works, and policies at both national and local levels, coupled with the progressive imple-
mentation of actions and measures at the local level, has brought climate change spatial
governance to the forefront. This has prompted in-depth discussions among Chinese schol-
ars regarding strategies for bolstering urban resilience to climate change through spatial
planning. For instance, in regard to planning content, recommendations have been made
to integrate climate change adaptation and risk management into urban planning. Addi-
tionally, scholars have put forth proposals for establishing a planning research framework
and prioritizing key concerns related to climate change mitigation and adaptation [48-51].
Moreover, they have explored the integration of climate change adaptation into the techno-
logical and decision-making facets of spatial planning, adopting a technical methodology
perspective [52,53]. In terms of planning execution, recommendations have emerged to
enhance the assessment of spatial planning’s impact on the climate environment [54,55].

Nonetheless, traditional spatial planning has historically been guided by urban spatial
expansion, economic growth, and population increase, assuming static resource and envi-
ronmental conditions. It has advocated for well-defined urban spatial structures, functional
arrangements, and industrial compositions. Consequently, it has to some extent overlooked
the influence of climate change factors and environmental disaster risks on planning [47].
In the planning process, including aspects such as planning objectives, preparation con-
tents, and implementation oversight, there is a notable absence of consideration for climate
change adaptation. For instance, some criteria in infrastructure planning and design ac-
knowledge the need to consider climate change impacts; however, they do not specify
the requisite adjustments required to address climate change, nor do they elucidate the
methodology for determining these adjustments [56]. Concurrently, traditional climate
change adaptation efforts tend to concentrate on urban spaces, neglecting opportunities for
adaptation actions within ecological and agricultural domains [57,58]. In summary, China’s
endeavors in spatial planning for climate change adaptation confront a host of issues and
challenges, including deficient climate adaptation objectives and concepts, discrepancies
between climate change risk assessment and spatial planning scales, absence of synergistic
mechanisms bridging adaptation and mitigation strategies, and deficiencies in technical
standards, legal frameworks, and regulations [59].
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The reform of China’s territorial and spatial planning system has established a unified
land-use control regime by comprehensively considering factors such as population distri-
bution, economic layout, land utilization, and ecological environmental protection. This
has resolved conflicts and contradictions that previously existed among various spatial
planning categories. It presents a significant opportunity for integrating climate change
adaptation into the planning process, with support provided through a series of regulations
and guidelines. This encompasses the establishment of different levels of indicators related
to disaster prevention, disaster reduction, and urban resilience in urban health exami-
nations [60]. Furthermore, the guidelines for the development of territorial and spatial
planning at the provincial and municipal levels play a crucial role in reinforcing the incor-
poration of climate adaptation measures. Key components of this integration encompass
the prioritization of disaster risk assessment, the amalgamation of climate change consid-
erations with other trends, the study and identification of territorial space development
requirements, and the conduct of scenario simulation analyses. Additionally, the protection
areas and measures for various types of ecological spaces—characterized by their natural
attributes and primarily intended for providing ecological services or products—are be-
ing implemented. Simultaneously, within the scope of ecological spaces, regions such as
land, water, and sea areas possessing critically important ecological functions that require
mandatory and rigorous protection are designated as ecological conservation redlines. A
harmonization effort is made between the ecological conservation redlines, permanently
designated essential farmland, and urban development boundaries, ensuring that bound-
aries do not overlap, spaces do not intersect, and functions remain non-conflicting. In
terms of specific mitigation measures, requirements for the layout of blue-green spaces
and ecological corridors are proposed, along with the establishment standards for disaster
prevention and mitigation facilities. Moreover, it actively encourages the development of
“sponge cities” and reinforces disaster response measures in coastal cities, particularly in
addressing sea-level rise resulting from climate change [61,62].

In the realm of theoretical exploration, Chinese scholars have initiated comprehensive
investigations, delving into adaptation concepts and ideas [59,63], methodologies and
strategies [64,65], governance systems [29,66], and local practices [67]. Their collective
efforts aim to chart the overarching principles and detailed strategies of a framework
system for territorial and spatial planning informed by the imperatives of climate change.

3. Methodology
3.1. Developing the Review Framework

Drawing upon studies of planning and policies in select countries, some scholars have
incrementally addressed the integration of climate change into various policy agendas
by proposing diverse analytical and assessment frameworks [26,68]. International and
national research organizations have also introduced a range of frameworks widely applied
across different spatial scales. For instance, the International Institute for Environment and
Development (IIED) has developed a coherent climate change adaptation planning frame-
work, encompassing potential indicators or indicator categories for tracking and evaluating
the success of adaptation support and interventions [69]. The United Nations Development
Programme (UNDP) and the United Nations International Strategy for Disaster Reduction
(UNISDR) have independently introduced an Adaptation Policy Framework (APF) from
the perspective of enhancing climate adaptation planning and policies, as well as bolstering
urban resilience. They have also provided guidelines targeting city and local leaders,
encompassing ten disaster resilience elements [70,71]. These assessment frameworks are
predominantly outcome or sector-oriented [72], and are employed to comprehend critical
gaps and issues related to climate change [1,19,68]. These frameworks’ experiences were
adapted and served as a reference in the development of the review framework for this
study, which centers on the processes and potential outcomes of future spatial plans.

Moser and Luers (2008) [28] identify three primary components for enhancing adaptive
capacity in addressing climate change issues: awareness, analysis, and action (commonly
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referred to as the 3A framework). Adapting to climate change necessitates policymakers to
grasp the associated risks [28], conduct comprehensive analyses of these risks and their
impacts [72], and translate this awareness and risk assessment into tangible actions and
planning initiatives [26,72]. Therefore, this study will employ the 3A framework to assess
how Chinese cities adapt to climate change in the context of local spatial planning.

3.2. Scoring Territorial and Spatial Plans against the Evaluation Criteria

To employ the 3A framework for reviewing spatial plans in China, it is necessary to
establish criteria for each component that encompass the various activities typically encoun-
tered in the spatial planning process. Hence, this study modifies the existing framework
and criteria based on insights from climate change literature and an initial analysis of terri-
torial and spatial planning. This adaptation ensures alignment with territorial and spatial
planning policies, resulting in the identification of 30 criteria: 3 for awareness, 6 for analysis,
and 21 for action (Table 1). The number of criteria varies within the three components
due to their varying relevance and interdependence. The scoring system employed in this
study follows the methodology proposed by Hurlimann et al. (2021) [73] and Kumar and
Geneletti (2015) [26]. Criteria typically received a score of 0 if they were absent from the
spatial planning document. A score of 1 was assigned if a criterion was mentioned in the
spatial planning without accompanying quantitative indicators or detailed explanations. A
score of 2 was assigned when the criterion was integrated into the spatial planning with
specific measurable indicators.

Table 1. The review framework developed for this study.

Component Criteria Reference
Concept of climate change or global warming Tang et al., 2010 [72]; Kumar & Geneletti,
2015 [26]
Impacts of climate change/identify the vulnerability on Tang et al,, 2010 [72]; Fiissel, 20.07 [741;
Awareness Guyadeen et al., 2019 [75]; Reckien et al.,
local context
2015 [76]
. . . . Hurlimann and March, 2012 [10]; Kumar and
Guidance for implementing the adaptation measure Geneletti, 2015 [26]
Vulnerability assessment Tang et al., 2010 [72]
. Kumar and Geneletti, 2015 [26];
Physical development assessment Handmer et al., 2012 [77]
Transportation system assessment regarding climate Kumar and Geneletti, 2015 [26]; Koetse and
change issues Rietveld, 2009 [78]
Analysis Water and sanitation assessment regarding climate Kumar and Geneletti, 2015) [26];
change issues Handmer et al., 2012 [77]
. Barnett and Adger, 2007 [79];Kumar and
Employment and livelihood structure assessment Geneletti, 2015 [26]
Assessment of thelorgamzatlon a'and political sgpport to have Kumar and Geneletti, 2015 [26]
the capacity to act on climate change issues
Building fabric and green Office of the Deputy Prime Minister: London,
Built environment building design 2004 [80]; Jiang et al., 2012 [22]
Urban regeneration Jiang et al., 2012 [22]; Seto et al., 2014 [81]
Disaster-resistant land use and Tang et al., 2010 [72]; Kumar and Geneletti,
Action building code 2015 [26]; Thoidou, 2021 [82]

Land use and
development control

Mixed-use and compact
development

Tang et al., 2010 [72]; Kumar and Geneletti,
2015 [26]

Restrictive land use planning for
coastal zone

Hallegatte, 2009 [83]
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Table 1. Cont.

Component Criteria Reference
Control of urban service/growth -
boundaries Tang et al., 2010 [72]; Jiang et al., 2012 [22]
Active transportation Tang et al., 2010 [72]
Transportation Transit-oriented development and Tang et al., 2010 [72]; Kumar and Geneletti,
corridor improvements 2015 [26]
Public sgr.v.mesand Policies tq offer P}lphc and Eriksen et al., 2007 [84]
facilities service facilities
Renewable energy and solar energy Tang et al., 2010 [72]
Energy
Energy efficiency and energy stars Tang et al., 2010 [72]
Flood risk assessment and
restriction of land use and Jiang et al., 2012 [22]
Water management development design
Across sectors partnership Jiang et al., 2012 [22]
Action Waste management Waste and stormwater management Tang etal., 2010 Zg%;?;g?ar and Geneletti,
Creation of conservation zones or Tang et al., 2010 [72]; Kumar and Geneletti,
protect areas 2015 [26]

Natural resources
management

Watershed-based and
ecosystem-based land management

Tang et al., 2010 [72]

Vegetation (forest/woodlands)
protection

Tang et al., 2010 [72]

Green infrastructure

Green building and green
infrastructure standards, such as
urban forests, parks and open
spaces, natural drainage systems

Jiang et al., 2012 [22]; Tang et al., 2010 [72];
Hallegatte, 2009 [83] Kumar and Geneletti,
2015 [26]; Matthews et al., 2015 [85]

Monitoring and
evaluation

Establish implementation priorities
for actions

Tang et al., 2010 [72]; Kumar and Geneletti,
2015 [26]

Identify roles and responsibilities
among sectors and stakeholders

Tang et al., 2010 [72]; Kumar and Geneletti,
2015 [26]; IPCC, 2022 [86]

Public awareness

Tang et al., 2010 [72]; Kumar and Geneletti,
2015 [26]

3.3. Selection of the Sample of Territorial and Spatial Planning

Territorial and spatial master planning represents the highest-level spatial strategy
for a region or city, serving as the foundational policy and comprehensive framework
governing the protection, development, utilization, and restoration of territorial space
throughout the entire region [46]. These plans can function as crucial policy documents that
encapsulate the developmental aspirations of local governments, offering an ideal platform
for the examination and evaluation of how climate change considerations are integrated
into spatial planning. As of July 2023, a total of 33 provincial-level plans (excluding Taiwan
Province) and 362 municipal-level plans (except for Suihua City in Heilongjiang Province
and Sansha City in Hainan Province, which have not yet been announced) for territorial
and spatial master planning have been made publicly available [87]. In this study, we
have selected 362 cities and regions across China, all of which have fully disclosed their
plans, along with 4 municipalities directly under the Central Government and 2 special
administrative regions, to conduct a comprehensive analysis of the territorial and spatial
master planning drafts (Figure 3).
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Figure 3. The geographic distribution map depicts the locations of the 368 Chinese cities selected for
this study.

The primary timeframe for this research project spans from August to September 2023.
All territorial and spatial planning public disclosure documents were downloaded from
early August to mid-August, followed by the assessment and statistical analysis of all
territorial and spatial planning activities from mid-August to late August. It is important to
note that owing to disparities in information disclosure and the varying stages of planning
across different cities, this study will focus exclusively on the analysis of publicly accessible
documents related to territorial and spatial master planning. These documents are readily
available online via the websites of local governments or natural resource departments.

3.4. Data Analysis

The data analysis proceeded through three stages. In the initial stage, we evaluated
the overall performance of the 368 territorial and spatial plans against the set of 30 criteria
by summing the original scores without standardization within the review framework.
Subsequently, the second stage delved into assessing the integration level of climate change
components within territorial and spatial plans. The sum of the original scores for each
component was standardized on a 0-1 scale. Descriptive statistics were then used to assess
the performance and interrelationship among the components. In the third stage, the
performance of each criterion in all the territorial and spatial plans was evaluated using the
performance analysis.

The criterion performance analysis method is based on the evaluation research refer-
enced from Tang et al. (2010) [72] regarding the U.S. Local Climate Action Plan. Criterion
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performance is assessed across two dimensions: horizontal breadth scores and vertical
depth scores, depending on the characteristics of their impact. Criterion breadth mea-
sures the extent to which each criterion is addressed across all plans, and is defined as
the proportion of territorial and spatial planning involving that criterion (Equation (1)).
Criterion depth measures the importance and analyzes the extent to which each criterion
is addressed within territorial and spatial planning (Equation (2)). The formulas are nor-
malized percentages, providing a consistent basis for standardized comparisons, revealing
the performance characteristics of criteria across different dimensions, and allowing for
quantitative differentiation within and between criteria. If none of the territorial and spatial
plans involve a specific criterion, the criterion depth score is 0. If at least one territorial and
spatial plan addresses a criterion, the criterion depth score falls between 50% and 100%.

P;
Breath score (BS)j = (I\?) * 100 1)

L
Depth score (DS); = (Zf’_l 21])> * 100 )
]

Equations (1) and (2) represent the criterion breadth score and a depth score of jth
criterion on the scale of 0-100%. P; is the number of planning that addresses the jth criterion.
N is the total number of spatial planning documents in the study, and J; is the jth criterion
receiving scores on the scale of 0-2.

When calculating the breadth score (BS) j for a specific criterion, denoted as j, the
number of spatial plans involving this criterion (with a non-zero score) is represented as P;
out of a total of N spatial plans, which equals 368. The (BS) j is obtained by dividing P; by
N. To calculate the depth score (DS) j for criterion j, the average scores of all spatial plans
related to this standard are computed and then summed to derive (DS)..

Each urban spatial plan included as an analysis sample influences the overall perfor-
mance of the criteria. Notably, criteria may not exhibit uniform performance levels, and the
relationship between the depth and breadth of the same criterion may display elements of
randomness and probability. For instance, while cities where the same criterion is effective
tend to receive higher scores, the number of cities involved may be limited, suggesting
that the criterion possesses greater depth but less breadth. Analyzing breadth and depth
percentage scores provides a suitable method for assessing both the relevance and extent
of participation in spatial planning. This approach allows for further quantification and
comparison of the overall performance differences among different criteria in spatial plan-
ning, addressing the limitations of descriptive statistical analysis in deeper data exploration
and inference.

4. Results
4.1. Overall Performance of Territorial and Spatial Planning

Following the adopted evaluation framework, the overall performance of territorial
and spatial planning is quantified on a scale ranging from 0 to 60. This scale results from
the fact that each of the 30 criteria can attain a maximum score of two, summing up to a
potential total of 60 for each territorial and spatial plan. Utilizing natural breaks taxonomy
for classification visualization minimizes variance within each category to emphasize intra-
category similarities and maximizes variance across categories to highlight inter-category
differences. Figure 4 visually represents the absence of comprehensive coverage for all
criteria across territorial and spatial planning. An observation across all the assessed
territorial and spatial plans reveals that merely 1.6% falls within the score range of 31 to
45, while a significant 73.4% falls between 16 and 30, and the remaining 25% score falls
between 1 and 15. Descriptive statistics (Figure 4) illustrate that the total mean score for
overall territorial and spatial planning performance is 18.68. The scores for individual
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territorial and spatial plans range from a maximum of 43 to a minimum of 6. Figure 5
displays the spatial distribution of scores for each city.

Mean=18.68

N=368

Number of spatial plans

Evaluation scores
No data
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16-18
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Figure 5. Spatial distribution of evaluation scores for individual territorial and spatial plans.

4.2. Performance by Components

Figure 6 illustrates that merely seven territorial and spatial plans exhibit substantial
awareness of climate change issues (representing over half of the total component score, ap-
proximately 1.9% of territorial and spatial planning). Furthermore, only one territorial and
spatial plan includes pertinent analysis of climate change concerns. In contrast, 59 territorial
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Number of spatial plans

and spatial plans exhibit a well-defined response to climate change issues across different
Chinese cities (scoring more than half of the total component score, roughly 16.037% of
territorial and spatial planning). Table 2 displays that the mean score for the awareness
component was 0.21, the analysis component was 0.01, and the action component was 0.31.
This indicates a notably low level of awareness and analysis concerning climate change
across all territorial and spatial planning. During the assessment of territorial and spatial
planning, the action component of the review framework exhibited stronger performance
compared to the awareness and analysis components. Additionally, Table 3 presents the
correlation among the three components and reveals a significant correlation between the
analysis and action components (p < 0.01).
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0] sabevooios ] StdDev-00s1 ] StdDev-0.121
N=368 N-368 N=368
300 300 60
i £
S o
= =
3 ]
i £
2001 S 2004 S 4o
2 2
: 5
100 100 20
Lg [ T y T T T
000 020 040 080 080 100 000 010 020 030 040 050 060 000 020 040 060 080 100
Score (Awareness component) Score (Analysis component) Score (Action component)
(a) awareness component (b) analysis component (c) action component

Figure 6. Performance of territorial and spatial planning by components.

Table 2. Descriptive statistics of the overall performance of territorial and spatial planning under the
different components. Scores of each component have been normalized between zero and one.

Variables Awareness Analysis Action
Mean 0.21 0.01 0.31
Std.deviation 0.11 0.05 0.12
Minimum 0.00 0.00 0.00
Maximum 0.80 0.50 0.86

Table 3. Correlation matrix for the three components of climate change.

Component Awareness Analysis Action

Awareness 1.000 0.092 0.395 **

Analysis 0.092 1.000 0.158 **
Action 0.395 ** 0.158 ** 1.000

** Significance at the 0.01 level (2-tailed).

4.3. Performance by the Criterion under Each Component
4.3.1. Criteria Performance of Awareness Components in Territorial and Spatial Planning

Figure 7 clearly illustrates that a limited number of cities in China exhibit awareness
of climate change issues (with scores of 10.33% for breadth and 53.95% for depth) and its
impact on local environmental vulnerability (scoring at 2.99% for breadth and 50.00% for
depth). However, the vast majority of cities have introduced adaptive implementation
measures and established specific standards (achieving full scores of 100.00% for breadth
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and 95.38% for depth). While Tang et al. (2010) [72] contend that insufficient policy
awareness of climate change issues is often a primary factor contributing to the subpar
performance of the analysis and action components, it is noteworthy that China’s reform of
territorial and spatial planning prioritizes optimizing territorial and spatial development,
resource allocation efficiency, and the realization of a green and sustainable economy
and society. Consequently, all cities have put forth systematic controls and guidance for
production, living, and ecological spaces. These measures have addressed climate change
to some extent, resulting in commendable breadth and depth scores.

M Breadth%
B Depth%

Concept of climate change or global warming

Impacts of climate change/identify
the vulnerability on local context

‘H

Guidance for implementing the adaptation measure

20 40 60 80 100

o

Figure 7. Criteria performance of the awareness component of territorial and spatial planning.

4.3.2. Criteria Performance for Analysis Components in Territorial and Spatial Planning

The study reveals that within the analysis component, the vast majority of territorial
and spatial plans of cities fail to address vulnerability or provide assessments regarding
the physical development, transportation systems, water and sanitation infrastructure,
employment and livelihood structures, organizational capacities, and political support
necessary for effective climate change response. Overall, nearly all public documents
related to territorial and spatial planning lack a comprehensive evaluation of their planning
areas. While some assessments are considered during the decision-making process, these
evaluations primarily focus on the current state of territorial development and conservation,
emphasizing indicators related to bottom-line control, structural efficiency, and quality of
life. However, they often lack specific requirements for climate change adaptation. Figure 8
illustrates the breadth and depth scores for each criterion within the analysis section.

B Breadth%
B Depth%

Vulnerability assessment

Physical development assessment

Transportation system assessment

Water and sanitation assessment
regarding climate change issues

Employment and livelihood structure assessment
Assessment of the organization and political support
to have the capacity to act on climate change issues

20 40 60 80 100

Figure 8. Criteria performance of analysis component of territorial and spatial planning.

4.3.3. Criteria Performance of Action Components in Territorial and Spatial Planning

The action component comprises a blend of policies, tools, and responsive measures.
Climate change action criteria encompass six key facets: the built environment, land use and
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development control, transportation, public services and facilities, green infrastructures,
disaster resilience and mitigation, as well as monitoring and evaluation. However, certain
response actions like those pertaining to the built environment, energy, and monitoring and
evaluation have not received the requisite focus in the majority of territorial and spatial
planning endeavors. Figure 9 illustrates the breadth and depth scores for the diverse criteria
within the action component.
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Figure 9. Criteria performance of the action component of territorial and spatial planning.
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4.3.4. Performance of cities across China

The study reveals that—with the exception of a small number of mega cities, super
cities, and large cities' —the majority of cities in China are ill-prepared for climate change
adaptation within the policy framework of territorial and spatial planning. Approximately
97% of the 368 assessed cities achieved scores below 30, signifying that they performed
inadequately integrating climate change considerations into their territorial and spatial
planning endeavors. As mentioned earlier, while a subset of these cities has indirecently
undertaken actions related to climate change, their overall performance is hindered by a
lack of awareness regarding climate change theory. Merely 3% of the cities attained scores
exceeding 30, primarily encompassing the three facets. These findings underscore that
the current territorial and spatial planning of most Chinese cities falls short in identifying
climate change challenges and implementing effective address strategies (Table A1).

Moreover, within the top 100 and top 30 cities based on total scores, mega cities, super
cities, and large cities collectively represent approximately 41% and 60%, respectively
(Figure 10). Two factors, urban population and economic aggregate, were chosen for
correlation analysis with the scores of each city. The selection of these factors was based on
variable type and normality test results, and the K-S test outcomes were utilized due to the
sample size. The results indicated a significance level (Sig) of less than 0.05, signifying a
non-normal distribution, and led to the adoption of Spearman rank correlation analysis.
The findings demonstrated a significant positive correlation between city scores and the
factors of urban population and economic aggregate (p < 0.01) (Table 4). Additionally, a
normal distribution analysis was employed to estimate the probability density of city scores
concerning varying population sizes and economic aggregates. The probability density of
the vertical axis indicates the relative concentration of cities within various score intervals,
and the area enclosed by the curve approximates the probability of cities falling within
these intervals. Notably, an examination of the numerical and shape distinctions within the
probability density function reveals that, in terms of score concentration, higher-ranking
categories like mega cities and super cities, as well as cities with an economic aggregate
exceeding 2 trillion and those between 1 and 2 trillion, also exhibit a high-value distribution.
However, the degree of concentration is more dispersed, and localized categories display
clear internal ranges (Figures 11 and 12).

The proportion of urban population size of the top 100 cities

6 10 5 20 31 23 5 Unit: %
Number: 100

The proportion of urban population size of the top 30 cities

20 1010 20 23 13 3 Unit %

Number: 30
Mega city Super city Type | large city Type Il large city
Medium-sized city Type | small city Type Il small city

Figure 10. The urban population size distribution among the top 100 and 30 evaluated cities.

Table 4. Correlation analysis of city scores with urban population size and urban economic aggregate.
(Note: The population data comes from the 7th National Population Census Bulletin released by the
National Bureau of Statistics on 11 May 2021).

Variables Scores Population Size Economic Aggregate
Scores 1.000 0.263 ** 0.265 **
Population size 0.263 ** 1.000 0.860 **
Economic aggregate 0.265 ** 0.860 ** 1.000

** Significance at the 0.01 level (2-tailed).
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Figure 11. (a) Spatial distribution of urban population sizes. (b) Probability density of city scores
under normal distribution stratified by urban population size classification. Correlation analysis
between urban population size and city scores within each city. (Note: The population data come
from the 7th National Population Census Bulletin released by the National Bureau of Statistics on
11 May 2021).
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Figure 12. (a) Spatial distribution of urban economic aggregate. (b) Probability density of city scores
under normal distribution stratified by urban economic aggregate classification. Correlation analysis
between urban economic aggregate and city scores within each city.

5. Discussion

Based on global experience, incorporating climate change considerations into spatial
planning emerges as a vital strategy to mitigate climate vulnerability and bolster urban
resilience. Developed nations have already embedded climate change issues into their
comprehensive policy agendas, while their developing counterparts are still grappling with
the integration of climate change into existing policies [88,89]. China, the most populous
developing country worldwide, hosts a substantial 63.89% of its population in urban
areas occupying a mere 1.08% of its national territory [90,91]. Moreover, China ranks
among the most susceptible regions globally to the impacts of climate change. The rapid
urbanization and unsustainable economic growth patterns have compounded the adverse
effects of climate change across many of its cities. Notably, escalating carbon emissions have
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triggered prolonged climatic anomalies and the frequent occurrence of extreme weather
events in recent years. Consequently, both central and local governments have taken
resolute steps to promote the carbon peaking and carbon neutrality strategy, expediting the
implementation of a series of policies at various areas and geographic scales to address this
multifaceted challenge [92].

This study conducts a comprehensive assessment of Chinese cities regarding their
incorporation of climate change considerations into local-level territorial and spatial plan-
ning, both holistically and across specific component indicators. The findings reveal that
the primary factors contributing to the suboptimal performance of territorial and spatial
planning are insufficient awareness, lack of corresponding assessments and analyses, and
deficiencies in action and engagement.

5.1. The Awareness Component

Awareness measures the extent to which local jurisdictions understand the concept
of climate change. Local jurisdictions need to acknowledge the scientific underpinning of
climate change, climate variability, and global warming [6,19]. Climate change awareness
should be coupled with climate change assessments to formulate effective strategies and
actions in response to climate change [93]. The analysis should encompass long-term
goals for greenhouse gas (GHG) emissions, addressing the primary drivers, sources, or
contributors to climate change [94], and conducting vulnerability assessments for climate
change in vulnerable places and populations [95,96]. However, the territorial and spatial
planning of the majority of Chinese cities fails to incorporate the concepts of climate change,
its impacts, and its associated assessments. Conversely, only economically developed
cities such as Hong Kong, Macao, Shanghai, Beijing, Chongqing, and Shenzhen, along
with certain coastal and inland cities, have proactively integrated climate change as a
central focus within their territorial and spatial planning. They have clearly articulated
the ramifications of climate change and underscored the importance of integrating risk
assessments into the planning and decision-making process. In contrast, other cities do
not explicitly mention the concept of climate change. However, they indirectly engage in
adaptive measures in response to climate change, and may even propose relevant indicators.
Nevertheless, these efforts predominantly draw from the shared principles and general
practices of territorial and spatial planning within the framework of ecological civilization
reform. The broad objectives associated with this approach result both in a deficiency
in providing a precise response to climate change and in considering its more profound
socio-economic repercussions.

5.2. The Analysis Component

Despite the fact that the territorial and spatial planning in the majority of cities em-
phasizes ecological prioritization and sustainable green development, as well as the estab-
lishment of resilient and secure urban areas, there is a conspicuous absence of vulnerability
and specialized assessment analyses concerning climate change. In addition, the evaluation
of the spatial environment in individual cities does not address the issue of climate change.
This suggests that prevailing territorial and spatial planning typically hinges on resource
and environmental factors, neglecting the impacts, risks, and vulnerabilities associated
with climate change [47,59].

5.3. The Action Component

The study underscores the significance of local practices within the action component.
Actions should encompass policies, tools, and strategies addressing climate change adap-
tation issues in natural environments, built environments, and human health [72]. The
implementation of territorial and spatial planning influences multiple facets of climate
change adaptation, encompassing urban form [81], land use and development [74,97],
transportation [9,98], agriculture and water management [59], nature conservation [99],
energy [26,98,100], resilience [101], and monitoring and evaluation [72,102].
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Within the action component, the territorial and spatial planning of most cities has
clearly delineated a range of adaptive measures and associated indicators in areas such as
land use and development control, transportation, public services, and green infrastructure.
However, most of these strategies have largely overlooked the context of global climate
change. While local governments have made relevant policies on these issues, which
are amongst the main drivers of climate change vulnerability, they are not shaped into
instruments to reduce the climate change impact and vulnerability. Furthermore, in areas
such as the built environment, resilience and disaster control, monitoring, and assessment,
China’s urban territorial and spatial planning mentions these aspects to a lesser extent and
lacks institutional arrangements that would enable the long-term and stable implementation
of these measures. Moreover, innovatively incorporating climate change issues into various
spatial planning actions—in comparison to related research in other countries—could have
a significant impact on addressing the effects of climate change. For example, strategies
like green infrastructure and energy efficiency in physical development, climate proofing
of long-lasting infrastructure like transport systems in the cities, accounting for GHG
emissions from various sectors, and strategies such as cross-sectoral cooperation in resource
management, etc., can be easily improvised into current action responses [103-107]. These
aspects require strengthening and refinement.

It is noteworthy that, in alignment with the principles of ecological civilization and
the objectives of achieving carbon peaking and carbon neutrality, the assessment results of
territorial and spatial planning in the action component reveal the gradual development of
a strategic framework for climate change adaptation at the city level. Additionally, certain
measures have introduced corresponding control indicators. This framework primarily
encompasses the demarcation and management of the “three zones and three lines,” the
integrated safeguarding and utilization of natural resources, the formulation of ecological
security patterns, the establishment of secure and resilient infrastructure, a comprehensive
disaster prevention system, the development of a public service facility network with the
“living circle” as its nucleus, and the advancement and adoption of clean and renewable
energy sources. Simultaneously, in consideration of diverse resource and environmental
attributes, cities have proposed key strategies to address climate change. For instance,
environmentally vulnerable and resource-dependent cities in Northwestern China, such
as Baiyin, Jiayuguan, and Zhangye in Gansu Province, have established objectives and
initiatives aimed at diminishing carbon emissions and augmenting carbon sequestration.
Chuzhou in Anhui Province and Baise in Guangxi Province both prioritize mitigating the
urban heat island effect and enhancing comfort by devising urban wind corridor systems to
foster the development of climate-resilient cities. Putian in Fujian Province and Zhoushan
in Zhejiang Province place emphasis on safeguarding and regulating marine areas and
island coastlines. Certain cities in Hainan Province, Guizhou Province, and Henan Province
all include proposals for the establishment of an integrated framework encompassing cross-
regional ecological conservation, regional watershed administration, and collaborative
protection of ecological corridors.

5.4. Performance Differences between Large and Small Cities

The evaluation results indicate that cities with larger populations and more devel-
oped economies demonstrate heightened awareness of climate change, in-depth analysis
of climate change adaptation, increased capability to implement adaptation measures,
and a greater level of specificity in their approaches. These findings offer supporting
evidence for the notion that the propensity to formulate adaptation plans correlates with a
city’s population size [76,108], while wealth and effective governance emerge as pivotal
catalysts for climate change adaptation initiatives [109]. Large cities, characterized by
rapid population growth, heightened natural resource demands, increased susceptibility
to climate change, and heightened vulnerability of urban infrastructure, necessitate more
extensive deliberation on climate change adaptation measures. Likewise, robust economic
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security and elevated governance standards offer avenues for monitoring and assessing
the implementation of such plans.

Existing research on spatial planning policies for climate change adaptation in devel-
oped countries or economies [1,28,110] and developing countries’ cities [26,111] indicates
that the majority of local authorities have recognized the need to incorporate climate change
considerations into public policies and possess a certain level of climate change awareness.
This represents the first step in determining their ability to successfully implement appro-
priate adaptation measures. Furthermore, influenced by the degree of economic and social
development, developed countries are better equipped to scientifically assess the risks
and impacts of climate change, allowing them to propose a targeted series of responsive
actions. In this regard, variations in city size, wealth, and national regulatory capacity are
the primary factors contributing to differences in the performance of various cities.

6. Conclusions and Prospect
6.1. Conclusions and Research Limitations

Within the 3A framework, this study comprehensively investigates the adaptability of
Chinese cities to climate change through territorial and spatial planning. The evaluation
results reveal that the role of territorial and spatial planning in integrating climate change
issues at the city level requires further enhancement. The overall performance is marked by
a low awareness of climate change, limited analytical capabilities regarding climate change,
and a basic foundation for responding to climate change. Performance varies among cities.
Moreover, the performance of territorial and spatial planning in addressing climate change
exhibits significant variation across cities. Economically developed and densely populated
large cities tend to exhibit greater specificity in quantifiable climate adaptation indicators
and measures. In summary, this study underscores the significance of acknowledging
the concept, impacts, and assessment of climate change within the domain of territorial
and spatial planning. Furthermore, it reinforces the pivotal role of territorial and spatial
planning in local-level climate change adaptation.

This study represents the first exploration of the policy shift and the existing gaps
between policy and reality in the field of spatial planning in China under the context of
climate change adaptation. The proposed evaluation framework serves as an effective tool
for gauging the stance of cities regarding climate change issues and their spatial policies. It
contributes to the scientific discourse on the unequal climate change adaptation capacities
among cities, offering empirical evidence from China. It also highlights the primary
strengths and weaknesses in the incorporation of climate change concerns into territorial
and spatial planning. Additionally, the evaluation framework can be adjusted according to
regional needs and contexts. This China-focused research has relevance for other countries
and regions, offering valuable insights for policy borrowing. However, it should be noted
that the usability of the 3A approach in this study presents challenges when applied to
developing countries and cities at various stages of spatial planning. The potential impacts
of various sectoral policies under spatial plans are unknown. It could be hard to apply the
3A approach directly, as it is unable to capture the essence of comprehensive development
on climate change issues. The majority of developing countries are still struggling with
basic issues like physical development, poverty, and environment in general, and ways to
integrate climate change issues along with these basic issues is a big challenge. Meanwhile,
the analysis revealed certain limitations warranting further investigation. Firstly, regarding
data sources, it is important to note that all territorial and spatial planning documents used
in this study are publicly available versions, which represent condensed summaries of
the complete texts. This limitation arises from the fact that many local governments do
not disclose the final versions to the public. Secondly, concerning research methodology,
this study exclusively employed qualitative analysis for evaluating territorial and spatial
planning. Notably, it did not include quantitative analysis. Furthermore, regarding research
scope, this study did not delve into the specifics of detailed and specialized planning within
the territorial and spatial planning system. These specific plans may encompass more
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detailed climate change adaptation measures, including unit control planning, ecological
restoration planning, infrastructure planning, transportation planning, disaster prevention
planning, and urban renewal planning.

6.2. Suggestions for Future Research

It is noteworthy that China’s territorial and spatial planning—at all levels—is not
synchronized with climate change adaptation efforts. Furthermore, the theoretical and
technical foundation of territorial and spatial planning for climate change adaptation is
underdeveloped. Therefore, based on the findings of this study, we recommend enhancing
the quality of climate change adaptation in urban territorial and spatial planning through
the following measures.

In terms of technical analysis, China should expedite the establishment of a territo-
rial and spatial planning assessment system for climate adaptation. Firstly, in alignment
with cities” future development trajectories, and leveraging multi-scenario predictions
of climate change trends, there is a need to seamlessly integrate meteorological disaster
and climate vulnerability assessments into the “dual assessment” framework of territorial
and spatial planning [57]. Secondly, it is crucial to establish technical methodologies for
urban-scale climate impact assessments. This should be accompanied by a clarification of
adaptive strategies, as well as the protection and optimization of the built environment
at the neighborhood scale. Lastly, in conjunction with urban physical examination and
assessment efforts, there is a need to integrate the monitoring and assessment of climate
adaptation into the planning physical examination and assessment procedures. Addi-
tionally, the establishment of a “monitor-diagnostic-early warning” technical system is
recommended [63].

At the spatial level, it is crucial to bolster research on climate change adaptation within
China’s pivotal regions and watershed cities. Examples of these efforts include intensifying
research for identifying critical climate change risks and devising climate change adaptation
action plans—spatial adaptation strategies, fostering cross-regional collaboration, and
integrating additional standards into territorial and spatial planning—to bolster climate
resilience. In addition, research endeavors will extend to climate-resilient technologies and
methodologies in regions susceptible to climate change impacts, including infrastructure,
water resources, coastal areas, forests, and other ecosystems. The aim is to furnish “no-
regret” or “low-regret” solutions conducive to sustainable urban development [59].

At the mechanism design level, cities—recognized as areas bearing high climate risks
and central entities in climate governance—ought to conduct an analysis of critical climate
risk zones within municipal-level territorial and spatial planning. This analysis should en-
compass the elucidation of overarching goals for climate change adaptation, the delineation
of precise, binding indicators, and a concentrated effort on adaptation measures addressing
urban heat island effects, water systems, infrastructure, human habitat, human health,
and architecture [112]. Furthermore, given that climate change adaptation encompasses
multiple sectors, fields, and disciplines [29], it is imperative to establish mechanisms for
climate change adaptation that span across sectors and regions. One suggestion is for
the Ministry of Natural Resources to take the lead in enhancing the summarization and
sharing of climate change adaptation experiences in large cities, thereby improving the
climate change adaptation capacity of underdeveloped small cities. This initiative also
reflects the Chinese government’s aim to promote coordinated and interconnected develop-
ment between mega-cities within urban clusters and surrounding small and medium-sized
cities [113]. Simultaneously, it is essential to enhance the coordination between sectoral
adaptation policies and adaptation planning, optimizing alignment between adaptation
policy objectives and available resources. Additionally, it is advisable to establish hor-
izontal cooperation mechanisms involving local key stakeholders, including industries,
professional organizations, and civic representatives. These mechanisms can serve the
purpose of heightening public awareness regarding climate change and adaptation, dis-
tinguishing between the impacts of natural disasters and climate change, and promoting
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the engagement of diverse stakeholders in the urban governance decision-making process.
This approach facilitates the identification of social and economic vulnerabilities and the
development of corresponding plans. For instance, vulnerable groups such as the elderly,
children, individuals with lower socio-economic status, and women are at increased risk of
exposure to extreme weather events [114,115].

Subsequent research may further track and analyze various detailed and specialized
planning efforts. It could delve deeper into the selection of criteria in the action component
of the framework, emphasizing institutional capacity and strategies to enhance cross-sector
collaboration, as well as refining monitoring and evaluation mechanisms for territorial and
spatial master planning. Additionally, it could strengthen discussions on the vertical and
horizontal dimensions of climate-adaptive spatial governance.
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Appendix A

Table Al. Performance of territorial and spatial plans for the sample of Chinese cities.

Overall Plan

Province City Performance Awareness Analysis Action
Shanghai 0.83 0.08 0.88 0.69
Beijing 0.67 0.08 0.86 0.65
Tianjin 0.33 0.08 0.43 0.28
Chongging 0.50 0.00 0.50 0.33
Hongkong 0.83 0.33 0.74 0.63
Macau 0.83 0.00 0.55 0.41
Fujian Fuzhou 0.33 0.00 0.38 0.22
Longyan 0.33 0.00 0.38 0.22
Nanping 0.33 0.00 0.45 0.28
Ningde 0.33 0.00 0.52 0.33
Putian 0.50 0.00 0.40 0.26
Quanzhou 0.33 0.00 0.33 0.19
Sanming 0.50 0.00 0.33 0.20
Xiamen 0.33 0.00 0.48 0.30
Zhangzhou 0.33 0.00 0.36 0.20
Anhui Lu’an 0.17 0.00 0.24 0.09
Suzhou 0.33 0.00 0.29 0.15
Anqging 0.17 0.00 0.33 0.17
Bengbu 0.33 0.00 0.38 0.22
Bozhou 0.33 0.00 0.43 0.26
Chizhou 0.33 0.00 0.43 0.26
Fuyang 0.33 0.08 0.38 0.24
Hefei 0.17 0.00 0.38 0.20

Huaibei 0.33 0.08 0.36 0.22
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Huainan 0.17 0.00 0.31 0.15
Huangshan 0.33 0.00 0.33 0.19
Maanshan 0.33 0.00 0.40 0.24
Tongling 0.33 0.00 0.36 0.20
Wuhu 0.33 0.08 0.38 0.24
Xuancheng 0.33 0.00 0.38 0.22
Chuzhou 0.33 0.00 0.45 0.28
Gansu Baiyin 0.33 0.00 0.43 0.26
Dingxi 0.17 0.00 0.17 0.04
Gannan 0.33 0.00 0.33 0.19
Jiayuguan 0.33 0.00 0.33 0.19
Jinchang 0.33 0.00 0.24 0.11
Jiuquan 0.17 0.00 0.36 0.19
Lanzhou 0.33 0.00 0.40 0.24
Linxia 0.33 0.00 0.38 0.22
Longnan 0.50 0.00 0.48 0.31
Pingliang 0.33 0.00 0.26 0.13
Qingyang 0.33 0.00 0.33 0.19
Tianshui 0.33 0.00 0.43 0.26
Wuwei 0.33 0.00 0.36 0.20
Zhangye 0.33 0.00 0.26 0.13
Guangdong Chaozhou 0.33 0.00 0.33 0.19
Dongguan 0.33 0.00 0.55 0.35
Foshan 0.33 0.00 0.38 0.22
Guangzhou 0.33 0.08 0.62 0.43
Heyuan 0.33 0.00 0.43 0.26
Huizhou 0.33 0.08 0.48 0.31
Jiangmen 0.33 0.00 0.45 0.28
Jieyang 0.33 0.08 0.52 0.35
Maoming 0.50 0.00 0.26 0.15
Meizhou 0.33 0.00 0.29 0.15
Qingyuan 0.33 0.00 0.45 0.28
Shantou 0.33 0.00 0.38 0.22
Shanwei 0.33 0.00 0.43 0.26
Shaoguan 0.33 0.00 0.31 0.17
Shenzhen 0.50 0.00 0.69 0.48
Yangjiang 0.33 0.00 0.29 0.15
Yunfu 0.33 0.00 0.43 0.26
Zhanjiang 0.33 0.00 0.55 0.35
Zhaoging 0.33 0.00 0.29 0.15
Zhongshan 0.50 0.00 0.50 0.33
Zhuhai 0.33 0.00 0.45 0.28
Guangxi Baise 0.50 0.00 0.43 0.28
Beihai 0.33 0.00 0.38 0.22
Hechi 0.33 0.00 0.33 0.19
Hezhou 0.33 0.00 0.45 0.28
Chongzuo 0.50 0.00 0.62 0.43
Fangchenggang 0.17 0.00 0.24 0.09
Guigang 0.33 0.08 0.38 0.24
Guilin 0.33 0.00 0.50 0.31
Laibin 0.33 0.00 0.33 0.19
Nanning 0.33 0.08 0.55 0.37
Qinzhou 0.33 0.00 0.50 0.31
Wuzhou 0.33 0.00 0.48 0.30
Yulin 0.33 0.00 0.52 0.33
Liuzhou 0.33 0.00 0.36 0.20
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Guizhou Guiyang 0.33 0.00 0.40 0.24
Qianxinan 0.33 0.00 0.36 0.20
Anshun 0.50 0.08 0.45 0.31
Bijie 0.50 0.08 0.40 0.28
Liupanshui 0.33 0.00 0.45 0.28
Qiandongnan 0.50 0.00 0.40 0.26
Qiannan 0.33 0.00 0.24 0.11
Tongren 0.33 0.00 0.38 0.22
Zunyi 0.50 0.00 0.33 0.20
Hainan Baisha 0.33 0.00 0.26 0.13
Baoting 0.33 0.00 0.31 0.17
Changjiang 0.33 0.00 0.43 0.26
Chengmai 0.33 0.00 0.31 0.17
Danzhou 0.33 0.00 0.52 0.33
Dingan 0.33 0.00 0.12 0.02
Dongfang 0.50 0.00 0.43 0.28
Haikou 0.33 0.00 0.55 0.35
Ledong 0.33 0.00 0.33 0.19
Lingao 0.33 0.00 0.60 0.39
Lingshui 0.33 0.00 0.48 0.30
Qionghai 0.33 0.00 0.36 0.20
Qiongzhong 0.33 0.00 0.24 0.11
Sanya 0.33 0.00 0.36 0.20
Tunchang 0.17 0.00 0.26 0.11
Wanning 0.33 0.00 0.33 0.19
Wenchang 0.33 0.00 0.26 0.13
Wuzhishan 0.33 0.00 0.38 0.22
Hebei Baoding 0.33 0.00 0.60 0.39
Cangzhou 0.33 0.00 0.40 0.24
Hengshui 0.33 0.00 0.26 0.13
Chengde 0.33 0.00 0.29 0.15
Handan 0.33 0.00 0.52 0.33
Langfang 0.33 0.08 0.43 0.28
Qinhuangdao 0.33 0.00 0.24 0.11
Shijiazhuang 0.33 0.00 0.38 0.22
Tangshan 0.33 0.00 0.43 0.26
Xingtai 0.33 0.00 0.31 0.17
Zhangjiakou 0.17 0.00 0.29 0.13
Henan Anyang 0.33 0.00 0.48 0.30
Hebi 0.33 0.00 0.40 0.24
Kaifeng 0.33 0.00 0.31 0.17
Luoyang 0.33 0.00 0.36 0.20
Puyang 0.33 0.00 0.38 0.22
Sanmenxia 0.33 0.00 0.38 0.22
Shanggqiu 0.33 0.00 0.29 0.15
Xinyang 0.33 0.00 0.36 0.20
Jiyuan 0.33 0.00 0.36 0.20
Jiaozuo 0.33 0.00 0.26 0.13
Luohe 0.50 0.00 0.43 0.28
Nanyang 0.33 0.00 0.33 0.19
Pingdingshan 0.33 0.00 0.45 0.28
Xinxiang 0.33 0.00 0.29 0.15
Xuchang 0.33 0.00 0.40 0.24
Zhengzhou 0.33 0.00 0.52 0.33
Zhoukou 0.33 0.00 0.38 0.22
Zhumadian 0.33 0.00 0.38 0.22
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Heilongjiang Daging 0.33 0.00 0.38 0.22
Haerbin 0.33 0.00 0.26 0.13
Heihe 0.33 0.00 0.40 0.24
Daxinganling 0.33 0.00 0.45 0.28
Hegang 0.17 0.00 0.29 0.13
Jixi 0.33 0.00 0.40 0.24
Jiamusi 0.33 0.00 0.50 0.31
Mudanjiang 0.33 0.00 0.36 0.20
Qitaihe 0.33 0.00 0.40 0.24
Qigihaer 0.33 0.00 0.38 0.22
Shuangyashan 0.33 0.00 0.45 0.28
Yichun 0.33 0.00 0.48 0.30
Hubei Enshi 0.33 0.00 0.40 0.24
Jingmen 0.33 0.00 0.55 0.35
Shennongjialinqu 0.33 0.00 0.31 0.17
Xianning 0.33 0.00 0.45 0.28
Xiangyang 0.33 0.00 0.45 0.28
Xiaogan 0.33 0.33 0.48 0.37
Ezhou 0.33 0.00 0.48 0.30
Huanggang 0.33 0.00 0.50 0.31
Huangshi 0.33 0.00 0.43 0.26
Jingzhou 0.33 0.00 0.31 0.17
Qianjiang 0.33 0.00 0.60 0.39
Shiyan 0.33 0.00 0.43 0.26
Suizhou 0.33 0.00 0.48 0.30
Tianmen 0.33 0.17 0.36 0.24
Wuhan 0.33 0.00 0.50 0.31
Xiantao 0.33 0.00 0.36 0.20
Yichang 0.33 0.00 0.38 0.22
Hunan Chenzhou 0.33 0.00 0.55 0.35
Hengyang 0.33 0.00 0.57 0.37
Huaihua 0.33 0.00 0.62 0.41
Yiyang 0.33 0.00 0.50 0.31
Yueyang 0.33 0.00 0.62 0.41
Changsha 0.33 0.08 0.55 0.37
Loudi 0.33 0.00 0.52 0.33
Shaoyang 0.33 0.00 0.45 0.28
Xiangxizhou 0.33 0.00 0.33 0.19
Yongzhou 0.33 0.00 0.43 0.26
Zhangjiajie 0.33 0.00 0.36 0.20
Changde 0.33 0.00 0.50 0.31
Zhuzhou 0.33 0.00 0.50 0.31
Xiangtan 0.33 0.00 0.50 0.31
Jilin Changchun 0.17 0.00 0.31 0.15
Baicheng 0.33 0.00 0.43 0.26
Baishan 0.33 0.00 0.40 0.24
Jilin 0.33 0.00 0.40 0.24
Liaoyuan 0.17 0.00 0.24 0.09
Siping 0.33 0.33 0.48 0.37
Songyuan 0.33 0.00 0.36 0.20
Tonghua 0.33 0.00 0.38 0.22
Yanbian 0.33 0.00 0.33 0.19
Jiangsu Changzhou 0.33 0.00 0.71 0.48
Huaian 0.33 0.00 0.43 0.26
Lianyungang 0.33 0.00 0.50 0.31
Nanjing 0.33 0.50 0.74 0.61
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Nantong 0.33 0.00 0.48 0.30
Suzhou 0.33 0.00 0.52 0.33
Sugian 0.33 0.00 0.40 0.24
Taizhou 0.33 0.00 0.43 0.26
Wuxi 0.33 0.00 0.60 0.39
Xuzhou 0.33 0.17 0.45 0.31
Yancheng 0.33 0.00 0.45 0.28
Yangzhou 0.33 0.00 0.24 0.11
Zhenjiang 0.33 0.08 0.64 0.44
Jiangxi Fuzhou 0.33 0.00 0.38 0.22
Ganzhou 0.33 0.08 0.31 0.19
Jian 0.33 0.00 0.50 0.31
Jingdezhen 0.33 0.00 0.36 0.20
Jiujiang 0.33 0.00 0.29 0.15
Nanchang 0.33 0.00 0.24 0.11
Pingxiang 0.33 0.00 0.45 0.28
Shangrao 0.17 0.00 0.21 0.07
Xinyu 0.33 0.00 0.43 0.26
Yichun 0.33 0.00 0.45 0.28
Yingtan 0.33 0.00 0.21 0.09
Liaoning Yingkou 0.33 0.00 0.31 0.17
Benxi 0.17 0.00 0.31 0.15
Dalian 0.33 0.08 0.45 0.30
Anshan 0.33 0.00 0.38 0.22
Chaoyang 0.33 0.00 0.52 0.33
Dandong 0.33 0.00 0.31 0.17
Fushun 0.17 0.00 0.29 0.13
Fuxin 0.33 0.08 0.43 0.28
Huludao 0.33 0.00 0.48 0.30
Jinzhou 0.33 0.00 0.33 0.19
Liaoyang 0.33 0.00 0.36 0.20
Panjin 0.33 0.00 0.38 0.22
Shenyang 0.33 0.00 0.52 0.33
Tieling 0.33 0.17 0.43 0.30
Inner- Alashan 0.33 0.00 0.29 0.15
Mongolia
Bayannaoer 0.33 0.00 0.40 0.24
Baotou 0.33 0.00 0.40 0.24
Chifeng 0.33 0.00 0.43 0.26
Eerduosi 0.33 0.00 0.33 0.19
Hulunhaote 0.33 0.00 0.45 0.28
Hulunbeier 0.33 0.00 0.24 0.11
Tongliao 0.33 0.00 0.38 0.22
Wuhai 0.33 0.00 0.33 0.19
Wulanchabu 0.33 0.00 0.29 0.15
Xilingol 0.33 0.00 033 0.19
League
Xinganmeng 0.33 0.00 0.36 0.20
Ningxia Guyuan 0.33 0.00 0.33 0.19
Shizuishan 0.33 0.00 0.29 0.15
Wuzhong 0.33 0.00 0.38 0.22
Yinchuan 0.33 0.00 0.38 0.22
Zhongwei 0.33 0.00 0.43 0.26
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Haibei Tibetan
Qinghai Autonomous 0.17 0.00 0.12 0.00
Prefecture
Haixi
Mongolian and
Tibetan 0.67 0.17 0.38 0.30
Autonomous
Prefecture
Guoluo Tibetan
Autonomous 0.33 0.00 0.26 0.13
Prefecture
Haidong 0.33 0.08 0.33 0.20
Hainan Tibetan
Autonomous 0.17 0.00 0.33 0.17
Prefecture
Huangnan
Tibetan 0.33 0.00 031 0.17
Autonomous
Prefecture
Xining 0.33 0.00 0.38 0.22
Yushu Tibetan
Autonomous 0.33 0.00 0.26 0.13
Prefecture
Shandong Jinan 0.50 0.00 0.40 0.26
Jining 0.33 0.00 0.40 0.24
Rizhao 0.17 0.00 0.21 0.07
Binzhou 0.33 0.00 0.24 0.11
Dezhou 0.50 0.00 0.45 0.30
Dongying 0.67 0.00 0.48 0.33
Heze 0.33 0.00 0.40 0.24
Liaocheng 0.33 0.00 0.33 0.19
Linyi 0.33 0.00 0.40 0.24
Qingddao 0.33 0.00 0.36 0.20
Taian 0.33 0.00 0.29 0.15
Weihai 0.33 0.08 0.33 0.20
Weifang 0.33 0.08 0.40 0.26
Yantai 0.33 0.00 0.36 0.20
Zaozhuang 0.33 0.00 0.40 0.24
Zibo 0.33 0.00 0.48 0.30
Shanxi Datong 0.33 0.17 0.48 0.33
Jincheng 0.33 0.00 0.48 0.30
Jinzhong 0.33 0.00 0.36 0.20
Linfen 0.33 0.00 0.40 0.24
Lvliang 0.33 0.00 0.38 0.22
Shuozhou 0.33 0.08 0.17 0.07
Taiyuan 0.33 0.00 0.36 0.20
Xinzhou 0.33 0.00 0.33 0.19
Yangquan 0.33 0.00 0.12 0.02
Yuncheng 0.17 0.00 0.26 0.11
Changzhi 0.33 0.00 0.43 0.26
Shanxi Ankang 0.17 0.00 0.19 0.06
Baoji 0.33 0.00 0.40 0.24
Hanzhong 0.33 0.00 0.31 0.17
Shangluo 0.50 0.00 0.55 0.37
Tongchuan 0.33 0.00 0.38 0.22
Weinan 0.33 0.00 0.38 0.22

Xi‘an 0.50 0.00 0.60 0.41
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Xianyang 0.33 0.00 0.55 0.35
Yan’an 0.33 0.00 0.36 0.20
Yulin 0.50 0.00 0.43 0.28
Aba Tibetan
Sichuan and Qiang 0.50 0.00 048 031
Autonomous
Prefecture
Bazhong 0.50 0.00 0.50 0.33
Dazhou 0.33 0.00 0.40 0.24
Deyang 0.33 0.00 0.38 0.22
Ganzi Tibetan
Autonomous 0.33 0.00 0.31 0.17
Prefecture
Guang’an 0.17 0.00 0.33 0.17
Guangyuan 0.33 0.00 0.36 0.20
Chengdu 0.50 0.00 0.64 0.44
Leshan 0.33 0.00 0.31 0.17
Luzhou 0.33 0.00 0.40 0.24
Meishan 0.17 0.00 0.31 0.15
Mianyang 0.50 0.00 0.26 0.15
Nanchong 0.33 0.00 0.55 0.35
Neijiang 0.33 0.00 0.31 0.17
Panzhihua 0.33 0.00 0.40 0.24
Suining 0.33 0.00 0.40 0.24
Ya’'an 0.33 0.17 0.33 0.22
Yibin 0.33 0.00 0.36 0.20
Ziyang 0.33 0.00 0.45 0.28
Zigong 0.33 0.00 0.36 0.20
Liangshan Yi
Autonomous 0.67 0.00 0.50 0.35
Prefecture
Xizang Ngari Area 0.33 0.00 0.38 0.22
Changdu 0.33 0.00 0.36 0.20
Lasa 0.33 0.00 0.55 0.35
Linzhi 0.33 0.00 0.33 0.19
Naqu 0.50 0.00 0.40 0.26
Rikaze 0.50 0.00 0.40 0.26
Shanan 0.33 0.00 0.33 0.19
Xinjiang Akesu 0.50 0.00 0.36 0.22
Aletai 0.33 0.00 0.43 0.26
Bayinguoleng 0.50 0.00 0.43 0.28
Boertala
Mongolian 0.33 0.00 031 0.17
Autonomous ’ ’ ’ ’
Prefecture
Changji Hui
Autonomous 0.33 0.00 0.36 0.20
Prefecture
Hami 0.33 0.00 0.43 0.26
Hotan area 0.33 0.00 0.36 0.20
Kashi 0.33 0.00 0.36 0.20
Kelamayi 0.33 0.00 0.38 0.22
Kezilesukeerz 0.33 0.00 0.31 0.17
Prefecture
Tacheng 0.33 0.00 0.29 0.15
Tulufan 0.33 0.00 0.31 0.17
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Wulumugi 0.50 0.00 0.50 0.33
Yili Prefecture 0.33 0.00 0.24 0.11
Huyanghe 0.17 0.00 0.29 0.13
Kekedala 0.33 0.00 0.33 0.19
Shihezi 0.33 0.00 0.33 0.19
Tiemenguan 0.17 0.00 0.24 0.09
Beitun 0.17 0.00 0.29 0.13
Alaer 0.33 0.00 0.31 0.17
Wujiaqu 0.17 0.00 0.31 0.15
Tumushuke 0.33 0.00 0.21 0.09
Xinxing 0.33 0.00 0.33 0.19
Kunyu 0.33 0.00 0.38 0.22
Shuanghe 0.17 0.00 0.29 0.13
Yunnan Kunming 0.33 0.00 0.50 0.31
Baoshan 0.33 0.00 0.52 0.33
Chuxiong 0.33 0.00 0.24 0.11
Dali 0.33 0.08 0.52 0.35
Dehong 0.17 0.17 0.19 0.09
Diqging 0.33 0.00 0.38 0.22
Honghe 0.33 0.00 0.48 0.30
Lijiang 0.33 0.08 0.45 0.30
Lincang 0.33 0.17 0.40 0.28
Nujiang 0.33 0.00 0.36 0.20
Puer 0.33 0.08 0.29 0.17
Qvjing 0.17 0.00 0.33 0.17
Wenshan 0.33 0.00 0.40 0.24
Xishuangbanna 0.33 0.00 0.31 0.17
Yuxi 0.33 0.00 0.43 0.26
Zhaotong 0.33 0.00 0.31 0.17
Zhejiang Hangzhou 0.33 0.00 0.29 0.15
Huzhou 0.33 0.17 0.33 0.22
Jiaxing 0.33 0.00 0.43 0.26
Jinhua 0.50 0.00 0.36 0.22
Lishui 0.33 0.00 0.29 0.15
Ningbo 0.33 0.00 0.38 0.22
Qvzhou 0.33 0.00 0.31 0.17
Shaoxing 0.33 0.00 0.29 0.15
Taizhou 0.33 0.00 0.26 0.13
Wenzhou 0.33 0.00 0.33 0.19
Zhoushan 0.33 0.00 0.43 0.26

Notes: The maximum score for each component of awareness, analysis, and action is 1. The maximum performance
score for any territorial and spatial plan (after standardization) is 1.

Notes

1

In accordance with the State Council’s Notice on Adjusting the Classification Standards for Urban Size, cities are categorized

into five groups and seven tiers, determined by the statistical criteria of permanent urban residents. Small cities are those with
a permanent population of under 500,000. Among them, cities with over 200,000 residents but less than 500,000 are classified
as Type I small cities, while those with fewer than 200,000 residents are designated as Type II small cities. Medium-sized cities
encompass urban populations exceeding 500,000 but falling short of 1 million. Large cities comprise urban areas with populations
exceeding 1 million but below 5 million. Within this category, cities with over 3 million residents but under 5 million are
categorized as Type I large cities, while those with more than 1 million but less than 3 million residents are classified as Type II
large cities. Super cities are defined as those with a permanent urban population exceeding 5 million but below 10 million. Mega
cities are those with a permanent urban population exceeding 10 million.
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