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Abstract

:

With cities considered the main source of carbon emissions, urban planning could mitigate and help adapt to climate change, given the allocation and regulation of public policies of urban spatial resources. China’s regulatory planning remains the basis for building permission in the original urban and rural planning, and the new territorial spatial planning systems, determining the quality of urban plan implementation. Comprehensive regulatory plans effectively reduce carbon emissions. This study employs Q methodology to compare and analyze urban planners’ and practitioners’ perceptions of China’s regulatory planning in climate change mitigation and adaptation. The findings show that while regulatory planning is key, potential deficiencies include the gaps between regulatory from master plans, capacity shortages of designations and indicators, and unequal rights and responsibilities of local governments. However, mandatory indicators in regulatory planning, especially “greening rate,” “building density,” “land use type,” and “application of renewable energy technologies to the development of municipal infrastructure” could effectively mitigate climate change. “Greening rate” is the core indicator in regulatory planning since it provides empirical evidence for the “green space effect”. This study indicates that local customization of combined regulation of greening rate and green spaces could help mitigate and help China adapt to climate change.
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1. Introduction


The global impact of climate change on humans and the ecosystem is tremendous. The COVID-19 pandemic, together with extreme weather, has caused heavy losses to global economy. It is more emergent than ever to promote global governance and initiate post-pandemic programs that may reshape economic development with greener and cleaner approaches. Cities are the main sources of carbon emissions, driven by population growth, expansion of built-up areas, increase in heat emissions, and urban underlying surface changes that impact the urban climate [1,2]. Urban planning, as a public policy, may allocate and regulate spatial resources in urban areas and play a vital role in climate change mitigation and adaptation. An increasing number of municipalities are taking into consideration climate change during urban planning [3]. According to the levels of planning, climate change mitigation and adaptation in urban planning can be categorized into two types: the development strategy of balancing economic growth and green and low-carbon development, which could reflect in the practice of macroeconomic governance, and the technical regulation in urban plans that could achieve the goals of efficient energy use and emission reduction. The flexible use of planning indicators and professional designations in detailed plans may be key approaches to climate change mitigation and adaptation.



Global climate change has a significant and sensitive impact on China. In policymaking, China’s national policies actively focus on mitigating climate change. In September 2020, China announced the national goal of “carbon peak by 2030, carbon neutral by 2060” to the world for the first time at the UN General Assembly. Emission reduction and low-carbon development have become important themes in China’s national and environmental governance. In practice, the goal of carbon emission reduction has been integrated into the performance assessment of leading local cadres, which serves as a basis for future appointments and promotions. Target responsibility systems have been developed and applied to performance assessment, focusing on the achievement of carbon emission reduction goals.



China’s regulatory planning was, is, and will remain the main basis for building permission in the original urban and rural planning system, and the new territorial spatial planning system, which directly determines the quality of implementation of urban plans. Therefore, whether the development of regulatory plans could effectively achieve the goals of carbon emission reduction would be of great significance for China to mitigate and adapt to the impact of climate change. However, various designations and indicators in regulatory planning have different adaptabilities and functions. The main research questions are as follows: What are the adaptabilities of the respective designations and indicators in climate change mitigation and adaptation at the city scale? How can these designations and indicators be appropriately applied to regulate urban development, thus achieving the goals of climate change mitigation and adaptation at the city scale?




2. Literature Review


Mitigation and adaptation are the two main solutions to global climate change. Reducing greenhouse gas emissions is the initial approach to mitigating climate change. Currently, climate change mitigation and adaptation actions are being implemented at the international, national, and local levels [4]. At the international level, various organizations have formulated and issued relevant plans to steer the strategic direction of global society in climate change mitigation and adaptation. For instance, the European Union (EU) has issued green and white papers that serve as the strategic standards for member-states to climate-change mitigation and adaptation [5]. Finland, a member of the Organization for Economic Cooperation and Development, first promulgated a national strategy for climate change adaptation in 2005. Other EU member-states have also developed strategies for climate change adaptation [6]. At the national level, there are certain differences in the measures of climate change adaptation in developed and developing countries. The actions of climate change adaptation in medium-and low-income countries are mainly short-term passive behaviors of non-governmental organizations, while in high-income countries, public agencies usually implement long-term planned actions to adapt to climate change [7]. However, even in different regions of the same country, there are disparities in the natural environment and socio-economic conditions. The formulation and implementation of adaptation plans at the local level can more effectively adapt to climate change [8].



Urbanization is the main factor affecting climate change [9]. With the agglomeration of population and industries, cities have become the main source of carbon dioxide emissions. Urban design impacts urban microclimates [10]. The frequency of extremely high temperatures and heavy precipitation in cities is increasing [11]. Urban planning is an important basis for the development of urban spatial forms [12]. Additional attention should be paid to urban planning’s important role in mitigating and adapting to climate change [13,14]. However, existing studies show that only a few cities, such as New York, Paris, and London, have taken climate change into consideration in their master plans, while the majority of cities such as Beijing and Moscow still lack the integration of climate change concerns into relevant master plans [15]. In addition, urban planners have paid limited attention to climate change issues [16]. In terms of the performance of urban plan implementations, the impact of urban master plan implementations on climate change mitigation tend to be insignificant and even negative, resulting in urban microclimate deterioration, growth of internal traffic volumes, and an increase in temperature [17,18]. However, the heat island effect has not been alleviated. For example, the implementation of the master plan of Seoul has moved the heat island effect from one city center to two others [19,20]. Therefore, in reviewing both planning visions and the performance of plan implementations, it is clear that there are deficiencies in urban planning to mitigate and adapt to climate change.



China’s regulatory plans may directly regulate all urban development behaviors. Designations and indicators in regulatory plans reflect various spatial regulation measures for climate change mitigation and adaptation at the city level.



In classical regulatory planning, designations and indicators can be grouped into six categories: land use regulation, building development regulation, regulation of environmental capacities, urban design guidelines, regulation of facilities and infrastructure, and spatial regulation of activities. At present, climate change mitigation and adaptation in regulatory planning focus on the development of low-carbon and resilient cities. Regarding climate change mitigation, existing studies have found that compact land development mode [21], low urban population density, high degree of integration of urban spatial structure and traffic system [22], average building height, and plot ratio [23] have a certain impact on carbon emissions. The increase in urban greening rate, green roofs, and vertical greens can effectively change the micro-climate of cities and alleviate the effects of urban heat islands [24]. To explain, the greening rate is a basic indiacator which can reflect the urban greening level on a plot. It indicates what portion of the zone area is necessary to be kept as green spaces. The green spaces here include public green spaces, gardens, and attached green spaces. Roof gardens are normally not included. Firstly, urban green space can have a positive impact on the urban microclimate environment by slowing down the urban heat island effect. The higher the urban greening rate, the greater the impact; On the other hand, urban green space form and spatial layout also play an important role in coping with climate change [25]. Regarding climate change adaptation, urban morphology plays an important role in helping coastal cities adapt to rising sea levels [26]. The mass development of urban green infrastructure can enhance urban ecological adaptability and the ability to adapt to extreme climate events [27]. Resilient cities could also be developed by adjusting land use compactness, sustainable transportation mode, building density, and the use of renewable energies [28]. As a note, the building density indicates what portion of the zone area is permissible for building development. The high-density architectural form in the core area of the city will increase the surface temperature and change the urban microclimate environment [29]. Urban land use types define and designate certain functions and uses of zones in urban planning areas. The change of land nature leads to the deterioration of ecological environment and affects urban precipitation and temperature. At the same time, the conversion of land use types in China has accelerated the disappearance of grassland and forest land types, which is not conducive to the development of urban carbon emission reduction [30].



In accordance with the literature analysis above, it is clear that some designations and indicators in regulatory planning are able to adapt to climate change. These designations and indicators belong to the categories of land use regulation, building development regulation, and regulation of environmental capacities. There is still no study on climate change mitigation and adaptation in regulatory planning with consideration of all relevant designations and indicators. Moreover, existing research has discussed the functions of individual designations and indicators without sufficient analysis of the relative effectiveness among designations and indicators. Finally, policy goals of climate change mitigation and adaptation are not consistent [31]. For each set of goal (mitigation or adaptation), the effectiveness of designations and indicators in regulatory planning are not well differentiated. Therefore, this study systematically explores the effectiveness of regulatory planning in mitigating and adapting to climate change, as a new expedition to the land of development regulation.




3. Data and Methodology


This study compares and analyzes the effectiveness of regulatory planning in mitigating and adapting to climate change by applying the Q methodology. This methodology was first proposed by William Stephenson, and is a research method for analyzing personal perceptions with a small sample size [32]. It may combine the advantages of traditional quantitative and qualitative research and provide a qualitative approach to explore the subjective structure of human beings based on statistical measures.



The formation of the Q set comprehensively reflects the opinions of existing literature and interviewees [33]. Based on a survey of selected key respondents with interviews and questionnaires, as well as the representative opinions in the relevant literature, according to the operation principles of quantity control, readability, and typicality, overall, 32 Q statements were chosen as the final Q set for this study. See Table 1.



The P set refers to the respondents of Q sorting who are as heterogeneous as possible and theoretically relevant to the research theme, also known as Q participants. In accordance with the professional and practical characteristics of this research theme, relevant experts and practitioners were chosen as Q participants. The heterogeneous requirement has been fulfilled by the wide geographical distribution and department diversity of the Q participants. The Q participants included experts from the China Academy of Urban Planning and Design, China Architectural Design Group, Beijing Institute of Urban Planning and Design, Guangdong Urban and Rural Planning and Design Institute, Guangxi Urban-Rural Planning and Design Institute, and Peking University. The practitioners of Q participants were from the municipalities of Beijing, Shijianzhuang, Jinan, Linyi, Taicang, Yinchuan, Lanzhou, and Shenzhen. The 36 Q participants completed the Q sorting, in which 25 samples were valid. The sample size was reasonable and met the research criteria [30].



Q sorting occurs when the individual participant ranks the Q statements into a Q grid. The Q grid used in this research applied a forced quasi-normal distribution with a common ±5 structure. A pre-set pattern grid with a scale was labeled “most important,” “neutral,” and “least important”. The Q participants need to read the “condition of instructions” for Q sorting and sort the Q statements. See Table 2.




4. Analysis and Interpretation


Principal component analysis (PCA) was applied to factor analysis. Table 3 lists the eigenvalues of the PCA and their cumulative percentages.



According to the Kaise rule, it is significant only when the eigenvalue of a factor is greater than 1. Table 3 shows that only the first seven principal components have eigenvalues greater than 1, while that of the eighth principal component is 0.981, which is close to 1. Moreover, the cumulative percentages of the first eight principal components exceeded 80%. The gravel map in Figure 1 also shows that the eight principal components can be retained. Therefore, the first eight principal components were selected for factor rotation.



Meanwhile, to improve the interpretability of each principal component and ensure a significant impact effect, the varimax rotation method was applied to factor rotation. Table 4 shows the number of sample records for each principal component as a result of factor rotation. It can be found that the number of sample records on the first, second, third, fourth, and eighth principal components were no less than 2. The number of sample records on the second principal component is 4, while the number of sample records on the F5, F6, and F7 principal components is only 1. In addition, the sample cumulative percentages of the F5, F6, and F7 principal components were relatively low. Therefore, according to the eigenvalues of the principal components and the number of sample records after factor rotation, the first four principal components were chosen for factor analysis.



4.1. Factor Score


The scores of the Q statements were obtained by PCA and factor rotation (see Table 5), which reflect Q participants’ different perceptions of the Q statements. The shaded parts in Table 5 represent the top three scores of the Q statements in the respective principal components. The numbers of principal components whose scores are sorted in the top three on each Q statement are marked in the last column. For example, “**” indicates that there are two principal components whose scores are sorted in the top three on this Q statement. Specifically, there are four principal components whose scores are sorted in the top three on statement Q12, while there are two principal components whose scores are sorted in the top three on statements Q8, Q9, Q18, Q27, and Q31. The Q participants generally believe that statement Q12 is very important, which indicates the vital role of the greening rate in climate change mitigation.



Figure 2 shows the arithmetic means of the Q statements on the first four principal components. The mean score of statement Q12 is the highest, followed by statements Q9 and Q18. The lowest mean scores are, in turn, statements Q24, Q6, and Q5.



The results clearly reveal the key role of the regulation of green spaces in mitigating and adapting to climate change, as well as uncertain goals in regulatory planning in response to climate change.




4.2. Factor Interpretation


The first four principal components were chosen for factor analysis and interpretation in accordance with the eigenvalues and cumulative percentages of the principal components. The scores of Q statements corresponding to each factor were ranked with positive cognitions (Q4 to Q6 statements with the highest scores) as the main content, and the Q statements with low scores as auxiliary interpretations.



It can be found that the four factors chosen may reflect four types of cognitive judgments: first, the overall judgment of the impact of regulatory planning (F1); second, the interpretation of the impact of regulatory planning (F2); third, the judgment of regulatory planning’s role in climate change mitigation (F3); and fourth, the judgment of regulatory planning’s role in climate change adaptation (F4). The classification of factor interpretation above (based on the statistical results) is consistent with the preset latitude of the concourse definition and building (based on the literature review).



4.2.1. Overall Judgment (F1) and Interpretation (F2) of the Impacts of Regulatory Planning


The results in Table 6 show that there are many deficiencies in the current regulatory planning for climate change adaptation (Q4), and the Q participants do not believe that regulatory planning has effectively achieved the goal of mitigating the negative impact of different extreme weather events (Q3). The main interpretations are as follows. (a) Regulatory plans should be consistent with relevant master plans (Q31). This indicates that the strategic deployment of macro-level planning is necessary for climate change mitigation and adaptation. (b) Specific indicators in regulatory planning are not well targeted at the goals of climate change mitigation and adaptation (Q27). Special attention should be paid to land use regulation (Q8) and the regulation of green spaces and open spaces (Q12). The application of each indicator in regulatory planning should consider the differences in the indicator applicability and function (Q32). (c) The externality and responsibilities of local governments in climate-change mitigation and adaptation. The Q participants believed that local governments would not reasonably apply regulatory plans as policy tools when formulating programs for climate change adaptation and mitigation (Q7). Climate change is an issue with spatial and temporal complexity and regional externalities. Local governments should avoid the sole consideration of local interests and actively apply planning tools to climate change mitigation and adaptation (Q30).




4.2.2. Judgment of Regulatory Planning’s Role in Climate Change Mitigation (F3)


The four Q statements with the highest scores corresponding to Factor 3 are all about the cognitive judgment of the relationship between regulatory planning and climate change mitigation. See Table 7. The results show that: (a) the regulation of building height and building interval would improve urban microclimate and meet the requirements of sunshine and ventilation (Q13). (b) The regulation of greening rate and building density may have a significant impact on climate change mitigation (Q12) (Q11). The regulation of green spaces and open spaces is an effective method for preserving the natural environment and ecological systems, while the regulation of building density manages to control the over-occupation of natural land by limiting the spatial scope of building behaviors. (c) The regulation of land use type and compatibility could improve the performance of intensive land use, and therefore reduce carbon emissions (Q9). (d) Indicators related to green innovation and development are of positive significance (Q15). The latest energy-saving and environment-friendly technologies should be applied to the development and renovation of municipal infrastructure. The results above focus on the designations and indicators of climate change mitigation, nearly all of which are mandatory designations and indicators.




4.2.3. Judgment of Regulatory Planning’s Role in Climate Change Adaptation (F4)


The top six Q statements with the highest scores corresponding to Factor 4 ideally reflect the meaning of Factor 4 (See Table 8). In theory, regulatory planning is still an effective approach to mitigate the negative impact of extreme weather events (such as heat waves, floods, and heat island effects) (Q3). However, the results of factor 1 analysis show that the actual effect of this mitigation is not obvious. In addition to being a key tool in climate change mitigation, the greening rate is also a key indicator of climate change adaptation (Q12). While a higher greening rate could increase the carbon sink and alleviate the heat island effect (Q18), designations of green and blue lines could effectively regulate land uses of ecological spaces, in order to secure environmental protection and improve the adaptability of urban climate (Q22). In addition, well-developed and prepared municipal infrastructure could effectively adapt to extreme weather conditions, such as drought and rainstorms (Q20).






5. Conclusions and Recommendation


5.1. Conclusions


Through the analysis of experts’ and practitioners’ perceptions, the Q methodology application in this study provides a professional perspective of the effectiveness of regulatory planning in climate change mitigation and adaptation. The research findings reveal the details of the three main relationships existing between regulatory planning and climate change mitigation and adaptation.



The first relationship is the overall impact of regulatory planning on climate change mitigation, adaptation, and corresponding interpretation. Regulatory planning is considered a key approach to mitigate and help adapt to climate change, but it has many deficiencies. Possible reasons could be (a) The disconnection of regulatory plans from master plans. There have been sector plans for low-carbon development in China that have facilitated the recent development of pilot low-carbon cities. However, the goal of carbon and emission reduction in urban planning and the relevant collaborative logic between master plans and regulatory plans remain unclear. (b) Capacity shortages of designations and indicators in regulatory planning for climate change mitigation and adaptation. The capabilities of the existing designations and indicators cannot fully meet the regulatory requirements of carbon emissions and emission reduction. Adaptable and functional differences in the designations and indicators of climate change mitigation and adaptation have not been clearly defined. (c) Unequal rights and responsibilities of local governments in climate change mitigation and adaptation. Negative impacts and/or disasters caused by climate change may be concentrated in certain regions. Therefore, various regions may face different opportunities and risks. In this case, most of the responsible subjects and beneficiaries of climate change mitigation and adaptation were not identical. This externality of climate change could directly affect decision-making and the actions of local governments in various regions.



The second is the relationship between regulatory planning and climate-change mitigation. The indicators that may effectively mitigate climate change are the “greening rate,” “building height,” “building interval,” “building density,” “land use type,” “land use compatibility,” and “application of renewable energy technologies to the development of municipal infrastructure”. The aforementioned indicators mentioned account for approximately a quarter of all indicators, and are all mandatory.



The third is the relationship between regulatory planning and climate change adaptation. Relevant indicators are the “greening rate” and “application of renewable energy technologies to the development of municipal infrastructure”.



Regarding the effectiveness of regulatory planning in climate change mitigation and adaptation, the following characteristics can be summarized: First, mandatory designations and indicators are more effective in development regulation than guiding designations and indicators. Second, regulatory planning works mainly in climate-change mitigation with functions of carbon and emission reduction. Third, the greening rate is the core indicator in regulatory planning for climate change adaptation. The Q statements corresponding to the greening rate had the highest arithmetic mean scores. Meanwhile, these Q statements have priority rankings for all the factors. In factor interpretation, the greening rate, which serves as an important joint indicator for mitigating and adapting to climate change, can directly interpret capacity shortages of regulatory planning in climate change mitigation and adaptation corresponding to all the four factors.



The regulatory planning was working as the Chinese version of zoning code but with less legally binding power of regulation. However, the regulatory planning has survived the fundamental transition from the original urban and rural planning system to the new territorial spatial planning system. It was, is and will be the main basis for building permission nationwide. Meanwhile, since the territorial spatial planning is becoming one of the key policies tools of the Chinese central government, the regulatory planning, as an integral practical part of the territorial spatial planning system, would be playing a vital role in achieving China’s goals of carbon emission reduction and carbon neutralization. In this case, the regulatory planning may be an indispensable policy tool in climate change mitigation and adaptation in comparison to its counterparts in other countries, and maybe more effective due to the continuously strengthened and centralized authority of China’s territorial spatial planning.




5.2. Recommendation


This study provides three recommendations for regulatory planning for climate change mitigation and adaptation in practice.



First, it is imperative to apply effective technical approaches. In the formulation and modification of regulatory plans, relevant goals of climate change mitigation and adaptation in master plans and sector plans should be deliberately considered and implemented by mandatory designations and indicators in regulatory plans. Special attention should be paid to the formulation of greening rates and control lines of green spaces in order to establish concrete spatial boundaries of climate change mitigation and adaptation. The regulation of green spaces and open spaces is more rigid and effective than the that of the greening rate. Based on the core status of the greening rate in climate change mitigation and adaptation, the spatial regulation of green spaces and open spaces must work together with the regulation of the greening rate to preserve necessary green spaces in cities and directly increase the carbon sink. In contrast, other indicators such as land use type and building density would be more flexible and possibly changed by the discretion of local administrations. The carbon-oxygen balance-oriented combined regulation of the greening rate and green spaces could reduce rooms of administrative discretion. The scientific and reasonable local customization of the combined regulation of the greening rate and green spaces would be a vital approach to effectively mitigate and adapt to climate change in China in the future [38].



Moreover, local obligations of carbon emission reduction should be made compulsory. The obligations could be established by applying the target responsibility system to the performance assessments of local decision makers and public servants.



Finally, it is also important to upgrade existing designations and indicators to integrate new possibilities of renewable energies and latest technologies. Upgraded designations and indicators could be more effective in modern development regulation and urban management, and therefore release the power of regulatory planning in the new territorial spatial planning system.








Author Contributions


Conceptualization, C.Y. and J.X.; Data curation, J.X.; Formal analysis, C.Y.; Funding acquisition, C.Y.; Investigation, T.Z.; Resources, C.Y.; Writing—original draft, J.X. and T.Z. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by National Social Science Fund of China, grant number 20AGL029.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Cui, L.; Shi, J. Urbanization and its environmental effects in Shanghai, China. Urban Clim. 2012, 2, 1–15. [Google Scholar] [CrossRef]

	



Jamei, E.; Jamei, Y.; Rajagoplan, P.; Ossen, D.R.; Roushenas, S. Effect of built-up ratio on the variation of air temperature in a heritage city. Sustain. Cities Soc. 2015, 14, 280–292. [Google Scholar] [CrossRef]

	



Aylett, A. Institutionalizing the urban governance of climate change adaptation: Results of an international survey. Urban Clim. 2015, 14, 4–16. [Google Scholar] [CrossRef]

	



Ishtiaque, A.; Eakin, H.; Vij, S.; Chhetri, N.; Rahman, F.; Huq, S. Multilevel governance in climate change adaptation in Bangladesh: Structure, processes, and power dynamics. Reg. Environ. Change 2021, 21, 75. [Google Scholar] [CrossRef]

	



Biesbroek, G.R.; Swart, R.J.; Carter, T.R.; Cowan, C.; Henrichs, T.; Mela, H.; Morecroft, M.D.; Rey, D. Europe adapts to climate change: Comparing National Adaptation Strategies. Glob. Environ. Change 2010, 20, 440–450. [Google Scholar] [CrossRef]

	



Mullan, M.; Kingsmill, N.; Agrawala, S.; Kramer, A.M. National Adaptation Planning: Lessons from OECD Countries; Springer: Berlin/Heidelberg, Germany, 2015. [Google Scholar]

	



Berrang-Ford, L.; Ford, J.D.; Paterson, J. Are we adapting to climate change? Glob. Environ. Change 2011, 21, 25–33. [Google Scholar] [CrossRef]

	



Nalau, J.; Preston, B.L.; Maloney, M.C. Is adaptation a local responsibility? Environ. Sci. Policy 2015, 48, 89–98. [Google Scholar] [CrossRef]

	



Kalnay, E.; Cai, M. Impact of urbanization and land-use change on climate. Nature 2003, 423, 528–531. [Google Scholar] [CrossRef]

	



Ebrahimabadi, S.; Nilsson, K.L.; Johansson, C. The Problems of Addressing Microclimate Factors in Urban Planning of the Subarctic Regions. Environ. Plan. B Plan. Des. 2015, 42, 415–430. [Google Scholar] [CrossRef]

	



Broto, V.C.; Bulkeley, H. A survey of urban climate change experiments in 100 citie. Glob. Environ. Change 2013, 23, 92–102. [Google Scholar] [CrossRef]

	



Biesbroek, G.R.; Swart, R.J.; Knaap, W. The mitigation–adaptation dichotomy and the role of spatial planning. Habitat Int. 2009, 33, 230–237. [Google Scholar] [CrossRef]

	



Raparthi, K. Assessing the Role of Urban Planning Policies in Meeting Climate Change Mitigation Goals in Indian Cities. J. Urban. Plan. Dev. 2018, 144, 05018005. [Google Scholar] [CrossRef]

	



Carter, J.G.; Cavan, G.; Connelly, A.; Guy, S.; Handley, J.; Kazmierczak, A. Climate change and the city: Building capacity for urban adaptation. Prog. Plan. 2015, 95, 1–66. [Google Scholar] [CrossRef]

	



Jabareen, Y. An Assessment Framework for Cities Coping with Climate Change: The Case of New York City and its PlaNYC 2030. Sustainability 2014, 6, 5898–5919. [Google Scholar] [CrossRef]

	



Cobbinah, P.B.; Asibey, M.O.; Opoku-Gyamfi, M.; Peprah, C. Urban planning and climate change in Ghana. J. Urban Manag. 2019, 8, 261–267. [Google Scholar] [CrossRef]

	



Viguie, V.; Lemonsu, A.; Hallegatte, S.; Beaulant, A.L.; Marchadier, C.; Masson, V.; Pigeon, G.; Salagnac, J.L. Early adaptation to heat waves and future reduction of air-conditioning energy use in Paris. Environ. Res. Lett. 2020, 15, 075006. [Google Scholar] [CrossRef]

	



Zhang, H.; Peng, J.; Wang, R.; Zhang, J.; Yu, D. Spatial planning factors that influence CO2 emissions: A systematic literature review. Urban Clim. 2021, 36, 100809. [Google Scholar] [CrossRef]

	



Kim, H.; Jung, Y.; Oh, J.I. Transformation of urban heat island in the three-center city of Seoul, South Korea: The role of master plans. Land Use Policy 2019, 86, 328–338. [Google Scholar] [CrossRef]

	



Geneletti, D.; Zardo, L. Ecosystem-based adaptation in cities: An analysis of European urban climate adaptation plans. Land Use Policy 2016, 50, 38–47. [Google Scholar] [CrossRef]

	



Shi, K.; Xu, T.; Li, Y.; Chen, Z.; Gong, W.; Wu, J.; Yu, B. Effects of urban forms on CO2 emissions in China from a multi-perspective analysis. J. Environ. Manag. 2020, 262, 110300. [Google Scholar] [CrossRef] [PubMed]

	



Wang, S.; Liu, X.; Zhou, C.; Hu, J.; Ou, J. Examining the impacts of socioeconomic factors, urban form, and transportation networks on CO2 emissions in China’s megacities. Appl. Energy 2017, 185, 189–200. [Google Scholar] [CrossRef]

	



Xu, X.C.; Ou, J.P.; Liu, P.H.; Liu, X.P.; Zhang, H.H. Investigating the impacts of three-dimensional spatial structures on CO2 emissions at the urban scale. Sci. Total Environ. 2020, 762, 143096. [Google Scholar] [CrossRef]

	



ZöLch, T.; Maderspacher, J.; Wamsler, C.; Pauleit, S. Using green infrastructure for urban climate-proofing: An evaluation of heat mitigation measures at the micro-scale. Urban For. Urban Green. 2016, 20, 305–316. [Google Scholar] [CrossRef]

	



Masoudi, M.; Tan, P.Y. Multi-year comparison of the effects of spatial pattern of urban green spaces on urban land surface temperature. Landsc. Urban Plan. 2019, 184, 44–58. [Google Scholar] [CrossRef]

	



Valente, S.; Veloso-Gomes, F. Coastal climate adaptation in port-cities: Adaptation deficits, barriers, and challenges ahead. J. Environ. Plan. Manag. 2018, 63, 389–414. [Google Scholar] [CrossRef]

	



Meerow, S.; Newell, J.P. Spatial planning for multifunctional green infrastructure: Growing resilience in Detroit. Landsc. Urban Plan. 2017, 159, 62–75. [Google Scholar] [CrossRef]

	



Jabareen, Y. Planning the resilient city: Concepts and strategies for coping with climate change and environmental risk. Cities 2013, 31, 220–229. [Google Scholar] [CrossRef]

	



Yang, J.; Jin, S.; Xiao, X.; Jin, C.; Xia, J.C.; Li, X.; Wang, S. Local climate zone ventilation and urban land surface temperatures: Towards a performance-based and wind-sensitive planning proposal in megacities. Sustain. Cities Soc. 2019, 47, 101487. [Google Scholar] [CrossRef]

	



Chuai, X.; Wen, J.; Zhuang, D.; Guo, X.; Yuan, Y.; Lu, Y.; Zhang, M.; Li, J. Intersection of Physical and Anthropogenic Effects on Land-Use/Land-Cover Changes in Coastal China of Jiangsu Province. Sustainability 2019, 11, 2370. [Google Scholar] [CrossRef]

	



Hurlimann, A.; Moosavi, S.; Browne, G.R. Urban planning policy must do more to integrate climate change adaptation and mitigation actions. Land Use Policy 2021, 101, 105188. [Google Scholar] [CrossRef]

	



Barbosa, R.A.; Domingues, C.H.D.; Silva, M.C.; Foguesatto, C.R.; Pereira, M.D.; Gimenes, R.M.T.; Borges, J.A.R. Using Q-methodology to identify rural women’s viewpoint on succession of family farms. Land Use Policy 2020, 92, 104489. [Google Scholar] [CrossRef]

	



Ramlo, S. Mixed Methods Research and Quantum Theory: Q Methodology as an Exemplar for Complementarity. J. Mix. Methods Res. 2021, 2021, 15586898211019497. [Google Scholar] [CrossRef]

	



Raparthi, K. Assessing the Relationship between Urban Planning Policies, Gender, and Climate Change Mitigation: Regression Model Evaluation of Indian Cities. J. Urban Plan. Dev. 2021, 147, 05021007. [Google Scholar] [CrossRef]

	



Birchall, S.J.; MacDonald, S.; Slater, T. Anticipatory planning: Finding balance in climate change adaptation governance. Urban Clim. 2021, 37, 100859. [Google Scholar] [CrossRef]

	



Wang, S.; Wang, J.; Fang, C.; Li, S. Estimating the impacts of urban form on CO2 emission efficiency in the Pearl River Delta, China. Cities 2019, 85, 117–129. [Google Scholar] [CrossRef]

	



Yang, W.; Cao, X. Examining the effects of the neighborhood built environment on CO2 emissions from different residential trip purposes: A case study in Guangzhou, China. Cities 2018, 81, 24–34. [Google Scholar] [CrossRef]

	



Demuzere, M.; Orru, K.; Heidrich, O.; Olazabal, E.; Geneletti, D.; Orru, H.; Bhave, A.G.; Mittal, N.; Feliu, E.; Faehnle, M. Mitigating and adapting to climate change: Multi-functional and multi-scale assessment of green urban infrastructure. J. Environ. Manag. 2014, 146, 107–115. [Google Scholar] [CrossRef] [PubMed]

	



Lopez-Behar, D.; Tran, M.; Froese, T.; Mayaud, J.R.; Herrera, O.E.; Merida, W. Charging infrastructure for electric vehicles in Multi-Unit Residential Buildings: Mapping feedbacks and policy recommendations. Energy Policy 2019, 126, 444–451. [Google Scholar] [CrossRef]

	



Dong, K.; Dong, X.; Ren, X. Can expanding natural gas infrastructure mitigate CO2 emissions? Analysis of heterogeneous and mediation effects for China. Energy Econ. 2020, 90, 104830. [Google Scholar] [CrossRef]

	



Wu, Z.; Chen, R.; Meadows, M.E.; Sengupta, D.; Xu, D. Changing urban green spaces in Shanghai: Trends, drivers and policy implications. Land Use Policy 2019, 87, 104080. [Google Scholar] [CrossRef]

	



Bertram, N.P.; Waldhoff, A.; Bischoff, G.; Ziegler, J.; Meinzinger, F.; Skambraks, A.-K. Synergistic benefits between stormwater management measures and a new pricing system for stormwater in the City of Hamburg. Water Sci. Technol. 2017, 76, 1523–1534. [Google Scholar] [CrossRef] [PubMed]

	



Markolf, S.A.; Hoehne, C.; Fraser, A.; Chester, M.V.; Underwood, B.S. Transportation resilience to climate change and extreme weather events—Beyond risk and robustness. Transp. Policy 2018, 74, 174–186. [Google Scholar] [CrossRef]

	



Yang, G.; Yu, Z.; Jørgensen, G.; Vejre, H. How can urban blue-green space be planned for climate adaption in high-latitude cities? A seasonal perspective. Sustain. Cities Soc. 2020, 53, 101932. [Google Scholar] [CrossRef]

	



Browning-Aiken, A.; Ormerod, K.J.; Scott, C. Testing the Climate for Non-Potable Water Reuse: Opportunities and Challenges in Water-Scarce Urban Growth Corridors. J. Environ. Policy Plan. 2011, 13, 253–275. [Google Scholar] [CrossRef]

	



Schneider, P.; Lawrence, J.; Glavovic, B.; Ryan, E.; Blackett, P. A rising tide of adaptation action: Comparing two coastal regions of Aotearoa-New Zealand. Clim. Risk Manag. 2020, 30, 100244. [Google Scholar] [CrossRef]








[image: Sustainability 13 09701 g001 550] 





Figure 1. Gravel map of principal components. 
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Figure 2. Arithmetic means of the Q statements. 
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Table 1. Presentation of the Q set.






Table 1. Presentation of the Q set.





	No.
	Content of Q Set





	1
	Regulatory planning plays a positive role in urban emission reduction and climate disaster mitigation [34]



	2
	Low-carbon development and ecological preservation oriented regulatory planning is still limited for the adaptation to climate change



	3
	Regulatory planning can effectively mitigate the negative impact of extreme weather events (such as heat wave, flood, and heat island effect)



	4
	The current regulatory planning has many shortcomings in adapting to climate change



	5
	In specific regional climate environments, mitigation and adaptation goals of regulatory planning may conflict with each other



	6
	On the macro scale, the fundamental goals of climate change mitigation and adaptation in regulatory planning are identical [35]



	7
	Local governments may apply regulatory planning as a policy tool to their climate change adaptation and mitigation programs



	8
	Regulation of compact land use and population size may contribute to climate change mitigation



	9
	Regulation of land use type and compatibility could positively realize the intensive use of land and reduce carbon emissions [36]



	10
	Regulation of plot ratio could mitigate climate change mainly by improving land use and development intensity [37]



	11
	Regulation of building density could mitigate climate change mainly by improving land use and development intensity



	12
	Green and open spaces are important components of urban spaces, which are of great significance to effectively mitigate climate change [38]



	13
	Regulation of building height could improve the urban microclimate, while regulation of building interval could meet the requirements of sunshine and ventilation



	14
	Regulatory planning shall designate public facilities and infrastructure for green traffic with proper locations of entrances, exits, and parking lots [39]



	15
	Energy saving, emission reducing new energies and technologies shall be applied to municipal infrastructure such as power supply and heating [40]



	16
	Scientific planning of waste disposal such as waste sorting could mitigate negative environmental impacts, save energy, and reduce emissions



	17
	The mandatory indicators in regulatory planning could be more efficient and effective in mitigating climate change in comparison to the guiding indicators



	18
	Increase of the greening rate could increase the carbon sink, and therefore alleviate the heat island effect [41]



	19
	Regulation of building development could meet the requirements of building energy saving, disaster prevention, ventilation, and therefore alleviate the heat island effect and improve the urban environment



	20
	Water supply and drainage engineering in municipal infrastructure planning plays an important role in adapting to extreme weather such as drought and rainstorm [42]



	21
	Scientific adjustment of public transport, slow traffic and static traffic facilities is helpful to adapt to the extreme weather [43]



	22
	Regulation of green lines (control of green spaces) and blue lines (control of water bodies) could effectively protect the ecological environment and improve the adaptability of urban climate [44]



	23
	Urban design guidelines focus on the micro level spatial regulation, which could achieve the goal of urban thermal climate improvement



	24
	There are limited indicators to adapt to climate change in regulatory planning, among which the guiding indicators are more effective in adapting to the extreme weather [31]



	25
	Lack of regulation of underground spatial uses in regulatory planning is a problem due to the important role of underground spatial use in the intensive use of land [45]



	26
	There is a lack of localized regulation for different regions in regulatory planning, such as coastal areas or historical blocks



	27
	Regulation indicators in regulatory planning are not targeting and could not achieve the goals of climate change mitigation and adaptation



	28
	More relevant regulation indicators could be introduced to regulatory planning, such as utilization rate of reclaimed water and permeable ground rate



	29
	In terms of urban design guidelines in regulatory planning, the positive role of the overall spatial pattern of built-up areas in improving the urban thermal environment has been ignored



	30
	Local governments should actively apply planning tools to mitigate climate change, avoiding the sole consideration of local interests and short-term interests [46]



	31
	Specific requirements related to climate change mitigation and adaptation in master plans should be implemented in regulatory plans



	32
	In regulatory planning, differences in applicability and function of the indicators in mitigating and adapting to climate change should not be ignored
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Table 2. 11 level Q sorting in a forced quasi-normal distribution.
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Attitude

	
Least Important

	
Neutral

	
Most Important






	
Number of Clustering

	
−5

	
−4

	
−3

	
−2

	
−1

	
0

	
1

	
2

	
3

	
4

	
5




	
Frequency

	
(1)

	
(2)

	
(3)

	
(3)

	
(4)

	
(6)

	
(4)

	
(2)

	
(3)

	
(2)

	
(1)
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Table 3. Eigenvalues and cumulative percentages of principal component analysis.
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	No. of Sorts
	Eigenvalues
	As Percentages
	Cumul. Percentages





	1
	7.3004
	29.2016
	29.2016



	2
	3.5209
	14.0835
	43.2851



	3
	2.4444
	9.7776
	53.0628



	4
	1.9519
	7.8077
	60.8704



	5
	1.616
	6.4642
	67.3346



	6
	1.2152
	4.8607
	72.1953



	7
	1.0936
	4.3745
	76.5698



	8
	0.981
	3.9239
	80.4938



	9
	0.809
	3.2361
	83.7299



	10
	0.7132
	2.8527
	86.5826



	11
	0.5769
	2.3078
	88.8904



	12
	0.5666
	2.2664
	91.1568



	13
	0.3956
	1.5823
	92.7391



	14
	0.3718
	1.4872
	94.2263



	15
	0.2931
	1.1724
	95.3987



	16
	0.2641
	1.0563
	96.455



	17
	0.2163
	0.8653
	97.3203



	18
	0.1866
	0.7465
	98.0668



	19
	0.1504
	0.6016
	98.6684



	20
	0.1327
	0.5309
	99.1993



	21
	0.0899
	0.3594
	99.5588



	22
	0.0562
	0.2249
	99.7836



	23
	0.0272
	0.109
	99.8926



	24
	0.0178
	0.071
	99.9637



	25
	0.0091
	0.0363
	100










[image: Table] 





Table 4. Sample records and cumulative percentages of the principal components.
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	Principal Component
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8





	Sample Records
	2
	4
	2
	2
	1
	1
	1
	2



	Cumulative Percentages %
	12
	15
	9
	10
	7
	8
	9
	9
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Table 5. Factor scores of the principal components.






Table 5. Factor scores of the principal components.





	
No.

	
F1

	
F2

	
F3

	
F4

	
F5

	
F6

	
F7

	
F8

	
Remarks




	
Score

	
Sort

	
Score

	
Sort

	
Score

	
Sort

	
Score

	
Sort

	
Score

	
Sort

	
Score

	
Sort

	
Score

	
Sort

	
Score

	
Sort






	
1

	
0

	
16

	
1.35

	
5

	
−0.97

	
29

	
0.76

	
8

	
0

	
19

	
0.39

	
13

	
1.97

	
1

	
−1.39

	
30

	
*




	
2

	
0.3

	
15

	
0.49

	
9

	
−1.79

	
32

	
−0.72

	
25

	
0

	
19

	
0

	
19

	
−1.57

	
31

	
−0.49

	
24

	




	
3

	
−1.54

	
31

	
−0.44

	
21

	
−1.58

	
30

	
2.02

	
1

	
0

	
19

	
−0.39

	
23

	
0.39

	
13

	
−0.33

	
21

	
*




	
4

	
1.99

	
1

	
0.24

	
14

	
−0.26

	
20

	
−0.17

	
16

	
1.18

	
6

	
0

	
19

	
−1.18

	
29

	
−0.2

	
19

	
*




	
5

	
−0.92

	
27

	
−1.18

	
28

	
−0.89

	
24

	
−1.09

	
29

	
−1.18

	
29

	
−0.79

	
26

	
−1.18

	
29

	
−1.25

	
29

	




	
6

	
−0.92

	
27

	
−1.34

	
31

	
−1.6

	
31

	
−0.3

	
17

	
−0.79

	
26

	
−0.79

	
26

	
−0.79

	
26

	
−2.14

	
32

	




	
7

	
−1.23

	
30

	
0.23

	
15

	
0.43

	
14

	
0.8

	
7

	
−0.79

	
26

	
0.39

	
13

	
−0.79

	
26

	
−2.01

	
31

	




	
8

	
1.38

	
3

	
0.63

	
7

	
0.67

	
10

	
0.04

	
15

	
0.39

	
13

	
−1.97

	
32

	
1.57

	
3

	
−1.19

	
28

	
**




	
9

	
1.22

	
6

	
0.13

	
16

	
1.38

	
3

	
1.56

	
3

	
−1.97

	
32

	
−0.39

	
23

	
0.79

	
9

	
−0.89

	
27

	
**




	
10

	
0.45

	
13

	
0.56

	
8

	
0.69

	
9

	
−0.85

	
27

	
1.57

	
3

	
−0.39

	
23

	
0.39

	
13

	
−0.46

	
23

	
*




	
11

	
1.22

	
6

	
0.29

	
12

	
1.34

	
5

	
−1.22

	
31

	
0

	
19

	
0.39

	
13

	
0.39

	
13

	
1.32

	
3

	
*




	
12

	
1.37

	
4

	
1.01

	
6

	
1.56

	
2

	
1.56

	
3

	
1.97

	
1

	
0.79

	
9

	
1.18

	
6

	
1.52

	
1

	
****




	
13

	
−0.46

	
20

	
0.28

	
13

	
1.81

	
1

	
0.5

	
9

	
1.18

	
6

	
0.79

	
9

	
0.79

	
9

	
1.22

	
4

	
*




	
14

	
0.77

	
8

	
−1.25

	
30

	
0.5

	
12

	
−0.37

	
20

	
−1.57

	
31

	
1.18

	
6

	
0

	
19

	
1.09

	
7

	




	
15

	
0.61

	
10

	
−0.87

	
25

	
1.36

	
4

	
0.43

	
11

	
0.39

	
13

	
1.57

	
3

	
0

	
19

	
1.09

	
7

	
*




	
16

	
0.46

	
12

	
−0.63

	
23

	
−0.63

	
22

	
0.3

	
12

	
0

	
19

	
1.57

	
3

	
−0.39

	
23

	
0.96

	
9

	
*




	
17

	
−1.07

	
28

	
−0.38

	
20

	
0.89

	
7

	
−0.8

	
26

	
0

	
19

	
0.79

	
9

	
0.79

	
9

	
−0.89

	
27

	




	
18

	
0.76

	
9

	
0.36

	
10

	
0.65

	
11

	
1.69

	
2

	
1.57

	
3

	
−0.39

	
23

	
0

	
19

	
0

	
16

	
**




	
19

	
0.31

	
14

	
−0.99

	
26

	
0.45

	
13

	
−0.46

	
21

	
0.39

	
13

	
−0.79

	
26

	
0.39

	
13

	
0

	
16

	




	
20

	
0.77

	
8

	
−0.15

	
18

	
−0.24

	
19

	
0.93

	
6

	
0.79

	
9

	
1.97

	
1

	
−0.39

	
23

	
−0.3

	
20

	
*




	
21

	
0.47

	
11

	
−1.25

	
29

	
−0.89

	
24

	
0.46

	
10

	
−1.57

	
31

	
0.39

	
13

	
−0.39

	
23

	
1.39

	
2

	
*




	
22

	
−0.6

	
21

	
0.11

	
17

	
0

	
15

	
1.48

	
5

	
1.18

	
6

	
0

	
19

	
1.18

	
6

	
1.02

	
8

	




	
23

	
−0.77

	
25

	
−1.11

	
27

	
−0.91

	
26

	
−0.5

	
22

	
−0.39

	
23

	
−1.18

	
29

	
−0.79

	
26

	
−0.76

	
25

	




	
24

	
−1.22

	
29

	
−1.94

	
32

	
−0.93

	
27

	
−1.19

	
30

	
−1.18

	
29

	
−1.57

	
31

	
−1.97

	
32

	
0.56

	
12

	




	
25

	
−0.76

	
24

	
−0.69

	
24

	
−0.24

	
19

	
−0.33

	
19

	
−0.79

	
26

	
−1.18

	
29

	
−1.18

	
29

	
0.66

	
11

	




	
26

	
−0.16

	
17

	
−0.49

	
22

	
−0.43

	
21

	
0.22

	
13

	
−0.39

	
23

	
0

	
19

	
−1.57

	
31

	
0.76

	
10

	




	
27

	
1.53

	
2

	
1.75

	
2

	
−0.91

	
26

	
−2.32

	
32

	
0.39

	
13

	
1.18

	
6

	
−0.39

	
23

	
−0.43

	
22

	
**




	
28

	
−0.45

	
19

	
−0.18

	
19

	
0.71

	
8

	
0.17

	
14

	
0.79

	
9

	
1.18

	
6

	
0

	
19

	
0.16

	
13

	




	
29

	
−0.61

	
23

	
0.34

	
11

	
−0.22

	
17

	
−0.59

	
24

	
−1.18

	
29

	
0

	
19

	
1.18

	
6

	
0.03

	
14

	




	
30

	
−1.99

	
32

	
1.38

	
4

	
1.19

	
6

	
−0.33

	
19

	
−0.39

	
23

	
0

	
19

	
0

	
19

	
1.12

	
5

	




	
31

	
−0.3

	
18

	
2.16

	
1

	
−0.95

	
28

	
−0.59

	
24

	
0.79

	
9

	
−1.57

	
31

	
1.57

	
3

	
−0.03

	
17

	
**




	
32

	
−0.61

	
23

	
1.57

	
3

	
−0.22

	
17

	
−1.06

	
28

	
−0.39

	
23

	
−1.18

	
29

	
0

	
19

	
−0.13

	
18

	
*
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Table 6. Factor scores of the Q statements Corresponding to Factors 1 and 2.
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	No.
	Q Statements (F1)
	Score



	1
	The current regulatory planning has many shortcomings in adapting to climate change (Q4)
	1.991



	2
	Regulation indicators in regulatory planning are not targeting and could not achieve the goals of climate change mitigation and adaptation (Q27)
	1.532



	3
	Regulation of compact land use and population size may contribute to climate change mitigation (Q8)
	1.381



	4
	Green and open spaces are important components of urban spaces, which are of great significance to effectively mitigate climate change (Q12)
	1.37



	No.
	Q Statements (F2)
	Score



	1
	Specific requirements related to climate change mitigation and adaptation in master plans should be implemented in regulatory plans (Q31)
	2.162



	2
	Regulation indicators in regulatory planning are not targeting and could not achieve the goals of climate change mitigation and adaptation (Q27)
	1.755



	3
	In regulatory planning, differences in applicability and function of the indicators in mitigating and adapting to climate change should not be ignored (Q32)
	1.574



	4
	Local governments should actively apply planning tools to mitigate climate change, avoiding the sole consideration of local interests and short-term interests (Q30)
	1.377
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Table 7. Factor scores of the Q statements corresponding to the Factors 3.
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	No.
	Q Statements (F3)
	Score





	1
	Regulation of building height could improve the urban microclimate, while regulation of building intervals could meet the requirements of sunshine and ventilation (Q13)
	1.815



	2
	Green and open spaces are important components of urban spaces, which are of great significance to effectively mitigate climate change (Q12)
	1.556



	3
	Regulation of land use type and compatibility could positively realize the intensive use of land and reduce carbon emissions (Q9)
	1.382



	4
	Energy saving, emission reducing new energies and technologies shall be applied to municipal infrastructure such as power supply and heating (Q15)
	1.361
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Table 8. Factor scores of the Q statements corresponding to the Factors 4.
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	No.
	Q Statements (F4)
	Score





	1
	Regulatory planning can effectively mitigate the negative impact of extreme weather events (such as heat wave, flood, and heat island effect) (Q3)
	2.021



	2
	Increase of the greening rate could increase the carbon sink and therefore alleviate the heat island effect (Q18)
	1.687



	3
	Regulation of land use type and compatibility could positively realize the intensive use of land and reduce carbon emissions (Q9)
	1.558



	4
	Green and open spaces are important components of urban spaces, which are of great significance to effectively mitigate climate change (Q12)
	1.558



	5
	Regulation of green lines (control of green spaces) and blue lines (control of water bodies) could effectively protect the ecological environment and improve the adaptability of urban climate (Q22)
	1.48



	6
	Water supply and drainage engineering in municipal infrastructure planning plays an important role in adapting to extreme weather such as drought and rainstorm (Q20)
	0.93
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