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Introduction: Urban resilience construction can aid in the management of urban crises and enhance the quality of the human living environment. Compared to metropolises in developed regions, cities in underdeveloped regions with unsatisfactory natural environments, insufficient economic and social development, and inadequate infrastructure construction are highly vulnerable to challenges posed by natural disasters, epidemics, and climate change. Comprehensive quantitative evaluations are needed to identify avenues for enhancing urban resilience.
Methods: This study employs the TOPSIS entropy weight method and coupled coordination model to evaluate the economic, social, environmental, and infrastructure resilience of six cities and states along the Sichuan-Tibet Railway in China from 2015 to 2020. Furthermore, correlation and gray correlation analysis are used to identify the primary factors influencing the urban resilience of underdeveloped regions.
Results: Firstly, during 2015-2020, the overall urban resilience of each city and state maintained an increasing trend, with different trends in the evolution of the four resilience indices and differences among cities, and the highest overall resilience is in Lhasa. Secondly, the coupling coordination between the overall resilience and each resilience aspect maintained an increasing trend and differed significantly from each other. Finally, the social and economic resilience of each city and state maintained an increasing trend and differed significantly from each other.
Discussion: Economic, social, environmental, and infrastructure factors each have their own characteristics in influencing urban resilience. Based on the results, we present a three-dimensional evaluation model for analyzing the evolutionary trajectories and resilience patterns of cities. This work intends to present new concepts for assessing and optimizing urban resilience in underdeveloped regions using quantitative methodologies, as well as providing references for urban resilience construction in these places.
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1 INTRODUCTION
As complex systems, cities are exposed to long-term disturbances and shocks from the external environment, such as natural disasters (Zhou et el., 2022; Kondo and Lizarralde, 2021), economic crises (Ulfarsson et al., 2015; Tomao et al., 2021), climate change (Zimmerman and Faris, 2011) and the spread of infectious diseases (Cheng et al., 2022; Jin et al., 2023). City managers have incorporated the engineering concept of “resilience” into urban planning and construction to mitigate the negative effects of these shocks and assist cities in developing stably and sustainably (Murgatroyd and Hall, 2020; Wang L, 2022), as well as to improve the quality of the living environment and the standard of living for residents (Snep et al., 2020; Talubo et al., 2022). The concept of urban resilience is a comprehensive concept with multiple attributes (Dianat et al., 2022; Khatibi et al., 2022). Therefore, quantitatively assessing the overall resilience of cities from the perspectives of economy, society, culture, institutions, ecology, environment, and infrastructure (Lu et al., 2022a; Lin et al., 2022; Zhao et al., 2022), can aid in the construction and planning of urban resilience.
As the essence of increasing comprehensive urban resilience, it is necessary to promote coordination along economic and social development, ecological environment, urban governance, and infrastructure construction. Compared to metropolises in economically developed regions that regard communities as the basic unit of urban resilience (Graham et al., 2016; Bixler et al., 2021; Collier et al., 2013), cities in underdeveloped regions with lower levels of economic development, unfinished infrastructure construction, and weaker social governance are more susceptible to external shocks (Li et al., 2022; Song et al., 2022), while their population density is lower. These cities are frequently located in high-altitude and alpine regions, environmentally fragile locations, and regions with a high frequency of geological disasters (Arifin, 2022), and their urban systems are extremely susceptible to severe damage from natural disasters, climate change, and epidemics (Dobson, 2017; Wu et al., 2022). Consequently, it is of the utmost importance to conduct a complete quantitative evaluation of urban resilience in underdeveloped regions and to investigate ways to strengthen urban resilience with this support.
The Sichuan-Tibet Railway is a significant project for China to maintain national unity, enhance national cohesion, and promote economic development and social stability in Western Sichuan and Tibet’s underdeveloped regions. The majority of the cities along its route are located in high-altitude and alpine regions, as well as minority gathering areas, which are constrained by the natural environment. The economic development and spatial evolution patterns of Chengdu, located at the eastern terminus of the railroad, differ significantly from those of other cities. The building and inauguration of the railroad and the influx of external resources have, on the one hand, contributed to the local economic and social development and, on the other hand, posed new difficulties to their urban resilience. Consequently, this study selects six typical cities and states along the Sichuan-Tibet Railway, namely Lhasa, Lhoka, Nyingchi, Qamdo, Garzê Tibetan Autonomous Prefecture, and Ya’an, combines the TOPSIS entropy weight method and coupled coordination model to quantitatively assess and compare the comprehensive urban resilience and coordination degree during 2015–2020 from economic resilience, social resilience, environmental resilience, and infrastructure resilience. Using Pearson correlation analysis and gray correlation analysis, this study analyzes the primary factors influencing urban resilience. It then employs a three-dimensional evaluation model to study and evaluate the development state and evolution pattern of urban resilience. The study provides a new comprehensive urban resilience evaluation system that can be used to explore the path of resilience evolution and to introduce resilience construction in underdeveloped regions of China and elsewhere.
The following sections comprise the remainder of this study: The “Literature Review” section reviews existing studies on urban resilience evaluation and analyzes the major methodological approaches to comprehensive urban resilience evaluation. The “Data” section describes the basic overview of the research subjects and the meaning and sources of the research indicators. The “Methodology” section introduces the framework for the comprehensive evaluation and analysis methods used in this study. The “Results” presents the outcomes of the comprehensive evaluation, coupled coordination analysis, and correlation analysis. The “Discussion” section discusses the results and the evolution of urban resilience. The “Conclusion” section summarizes the study’s key findings, ramifications, and limitations.
2 LITERATURE REVIEW
The concept of urban resilience derives from engineering and ecological resilience (Holling, 1973; Liao, 2012). Its definition is flexible and diverse (Meerow et al., 2016), generally referring to the defense, adaptation, and transformation capacity of urban composite systems in response to a variety of natural and man-made disaster disturbances (Pickett et al., 2004; Mou et al., 2021). The application of scientific and systematic evaluation criteria to quantify urban resilience can, on the one hand, enrich the theory of resilience and aid in the study of the development path of resilient cities (Ahern, 2011; Brown et al., 2012), and on the other hand, provide macro guidance for the practice of resilient city planning and construction.
Although the current research on urban resilience theories, principles, and characteristics has reached a relatively mature stage, the operational dimensions lack a scientific, consistent, and systematic evaluation methodology. Existing resilience evaluation studies predominantly begin from a single perspective, such as urban disaster preparedness and resilience under the influence of natural disasters (Capozzo et al., 2019; Liu et al., 2022) and climate evolution (Leichenko, 2011; Feldmeyer et al., 2019), as well as environmental resilience (Doherty et al., 2016; Bao et al., 2022), energy resilience (Sharifi and Yamagata, 2016), transportation resilience (Faturechi and Miller-Hooks, 2015; Tang et al., 2020), and infrastructure resilience (Alizadeh and Sharifi, 2020). Among them, Wang et al. (2023) assess the resilience of ecological networks in urban agglomerations from the perspective of robustness and redundancy balance. Tang proposed the Bayesian Network Model (BNM) to quantitatively evaluate the resilience of urban transportation systems by combining different factors in the design, construction, operation, management, and innovation phases. Another portion of the studies primarily takes communities as the evaluation objects and investigates community disaster preparedness and resilience (Jordan and Javernick-Will, 2013; Sharif, 2016). Cimellaro et al. (2016) proposed the PEOPLES assessment model based on seven dimensions of community resilience, including population and demographics, environmental and ecosystem, organized governmental services, physical infrastructures, lifestyle and community competence, economic development, and social-cultural capital. The model became one of the main frameworks for quantitatively measuring community resilience. As cities are complex systems, a single perspective evaluation system cannot assess all aspects of urban resilience, including economic, social, cultural, environmental, institutional, and infrastructure resilience. Therefore, a more systematic way of thinking and approach is required for city-based resilience evaluation.
Existing comprehensive urban resilience evaluation system construction concepts several types. Among them, some scholars take the basic constituent elements of cities as the main metric aspects of urban resilience, such as economic resilience, social resilience, organizational resilience, institutional resilience, ecological resilience, and infrastructure resilience, etc., and use them to establish an indicator system (Joerin et al., 2014; Song et al., 2018). Four subsystems, including economic, social, environmental, and infrastructure, are covered by a multidimensional and comprehensive urban resilience assessment model that is based on the system dynamics model (Datola et al., 2022). Numerous quantitative studies of cities or urban agglomerations in China also categorize urban resilience into these four categories (Lu et al., 2022b; Shen et al., 2022; Xia and Zhai, 2022), or replace environmental resilience with ecological resilience. Additionally, some studies have the assessment system take into account institutional (Zhao et al., 2022), demographic (Ye et al., 2022), and technical (Lu et al., 2022a) variables. For instance, Zhao established five levels of indicators combined with the barrier degree, including economic, social, institutional, environmental, and infrastructure. In general, these comprehensive resilience assessment techniques are comparable to conventional urban evaluation techniques, typically employed in current research.
Moreover, some scholars assess the resilience, redundancy, wisdom, rapidity, and other capacity characteristics of cities (Parsons and Morley, 2017), such as Heeks and Ospina (2019) establishing two types of indicator systems, including functional characteristics and enabling characteristics, and combining social equity elements to assess the urban resilience of developing countries. Such evaluation methods are more closely integrated with resilience theory. In addition, other Scholars start from the staging process of urban development, such as resistance (Bruneau et al., 2003), adaptation, and recovery. For instance, Bozza et al. (2017) presented a time-series-based independent, comprehensive quantitative evaluation methodology, which can simulate the probability of occurrence and damage state of urban disasters at different stages and uncover shortcomings in the resilience construction process, and permit targeted adjustments.
In conclusion, the establishment of a quantitative urban resilience evaluation system need to be based on the characteristic elements of urban resilience in the resilience theory, take into account different aspects of urban development to establish a systematic and comprehensive index system, and comprehend the dynamic nature of urban evolution and the differences between cities. This study, therefore, adopts an evaluation system based on the criteria of urban elements, including economic and social, ecological and environmental, and infrastructural elements. Most current resilience assessment studies concentrate on examining the features of integrated urban resilience’s regional and temporal distribution, as well as the determining influence of each element on integrated urban resilience. This study examines these factors with the TOPSIS model and correlation analysis. In order to analyze the balance and coordination state among the urban resilience subsystems, this study also includes a coupled coordination analysis. Additionally, since the majority of underdeveloped regions are still in the early stages of resilience construction, this study builds a multidimensional model to illustrate the evolution trend of each city’s comprehensive resilience. This model makes the presentation of the analysis results more comprehensible and convincing and offers recommendations for the ensuing resilience building of cities.
3 DATA
3.1 Study object
Sichuan-Tibet Railway connects China’s Sichuan Province and Tibet Autonomous Region, beginning in Chengdu (Sichuan) in the east and ending in Lhasa (Tibet) in the west, with an operating mileage of 1567.33 km, consisting of three parts. The Chengdu-Ya’an section is located in the Chengdu Plain, and opened for operation in 2018, with a total length of 140 km and a total of 11 stations. The Ya’an-Nyingchi segment traverses the Hengduan Mountains, whose topography, geology, climate, and other variables make building exceedingly challenging. The stretch from Lhasa to Nyingchi is situated in the midst of the Tibetan plateau and has a total length of 403 km. Construction began in June 2015 and was completed in June 2021. The Sichuan-Tibet Railway passes through Lhasa, Lhoka, Nyingchi, Qamdo, Garzê Tibetan Autonomous Prefecture, Ya’an, and Chengdu from west to east. Among them, Chengdu is one of the seven megacities in China with a high level of economic and social development and does not belong to the category of underdeveloped areas. Therefore, the other six cities and states are selected as the study objects in this study (Figure 1).
[image: Figure 1]FIGURE 1 | Sichuan-Tibet Railway and six cities (states) as study objects. GS (2022) 1873.
3.2 Study indicators
Based on pertinent domestic and international studies, this study classifies urban resilience into four aspects: economic resilience, social resilience, environmental resilience, and infrastructure resilience, and proposes an index system following these classifications. Among them, economic resilience reflects the level of economic and industrial development and the capacity to withstand economic risks, including indicators related to the national economy, industry, finance, banking, and urbanization levels. Social resilience reflects the living standard of residents and the level of urban social services, including indicators related to income, consumption, savings, and public service levels. Environmental resilience reflects the level of urban ecological services and environmental health, including indicators related to air quality, urban greening, and environmental hygiene. Infrastructure resilience reflects the efficiency of urban infrastructure development and resource use, including indicators related to transportation, water, and gas supply. The majority of the data used in this study come from the 2015–2020 China Urban Statistical Yearbook and the China Urban Construction Statistical Yearbook. The remaining data come from the statistical yearbooks of Sichuan Province and Tibet Autonomous Region, cities and counties yearbooks, and the national economic statistical bulletins issued by city statistical bureaus. This study uses the interpolation approach to complete the few missing data (Figure 2).
[image: Figure 2]FIGURE 2 | Framework for quantitative evaluation methodology.
Before undertaking an urban resilience evaluation, it is necessary to give weights to the selected indicators. Using information entropy, the Entropy Weight Method approach determines the coefficient of variation of indicators (Xu et al., 2018). The smaller the information entropy, the greater the coefficient of variation and the greater the weight of indicators. This strategy can avoid the apparent subjectivity of indicators and is more appropriate for the assignment of indicators for resilience evaluation. Table 1 displays the indicator weights derived from the entropy weighting method.
TABLE 1 | Evaluation indicators and weights.
[image: Table 1]4 METHODOLOGY
This study presents a framework for quantitative evaluation that incorporates the TOPSIS approach, a linked coordination model, and correlation analysis. First, the overall urban resilience and economic, social, environmental, and infrastructure resilience are assessed by the TOPSIS method, while the degree of coordination of urban resilience is assessed by the coupled coordination model. On this basis, the degree of connection among the influencing factors of urban resilience is explored by correlation analysis, and the calculation results are combined with the resilience evaluation results to develop a multidimensional model to analyze urban resilience. Work is performed to aid urban resilience planning and construction.
4.1 Topsis
In this study, TOPSIS approach (Technique for Order Preference by Similarity to an Ideal Solution) is utilized as the major method for analyzing urban resilience in underdeveloped locations (Lai et al., 1994; Olson, 2004), which is essentially a relatively objective method for determining the relative proximity of each object to the optimal solution. Its computation technique consists of two stages, first calculating the normalized weighted matrix to determine the ideal and inferior options.
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where X is the normalization matrix and W is the weight of the indicators using the entropy value approach. [image: image] is the value of the indicator j of the object i. [image: image] and [image: image] are the maximum and minimum of the values.
After obtaining the optimal and inferior solutions, the Euclidean distance and the relative closeness between the evaluation object and the optimal and inferior solutions must be determined.
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where, [image: image] is the distance between the evaluation object and the ideal solution, [image: image] is the distance between the evaluation object and the worst solution, Tj is the relative proximity to the optimal solution, and has a range of values between 0 and 1. The greater the relative proximity, the more resilient the city. When it is larger than 0.6, it implies that the level of urban resilience is high; when it is less than 0.3, it suggests that the level of urban resilience is low.
4.2 Coupled coordination degree
In addition to assessing the level of urban resilience, the degree of coordinated development of each resilience must also be evaluated. Therefore, we employ the coupled coordination degree model (CCDM) for our research (Wang X et al., 2022). The degree of coupling reflects the degree of dependency and mutual constraints among multiple systems. And the degree of coordination relates to the magnitude of benign coupling in the linked interaction relationship, which might indicate whether coordination is excellent or poor. The following model can be used to depict the coupling degree model of numerous system interactions.
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where Cn is the coupling degree of the n-element system. Respectively, [image: image] is the contribution of the n-th subsystem to the total system order. In the ordered calculation, [image: image] is the normalized value of the j-th indicator in the i-th subsystem. And using the entropy weight method, [image: image] is the weight of the j-th indicator in the i-th subsystem. In some instances, the coupling index is difficult to accurately reflect the overall efficiency and synergy of the subsystem, and the extreme value calculation is dynamic and unbalanced. On this premise, the degree of coupling coordination can be computed using the following formula.
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where C is the coupling degree and D is the coupling coordination degree, which is determined to lie between 0 and 10 and can be divided into six coordination levels (Table 2). T is a comprehensive evaluation index of the level of coupled and coordinated development. [image: image] designating the n-th system, a–i refer to the relative weights of each system.
TABLE 2 | Standard of coupling coordination degree level.
[image: Table 2]4.3 Correlation analysis
This study uses the Pearson correlation coefficient to compare and analyze the correlation between four urban resilience influencing factors and urban resilience indicators, to examine and evaluate the degree of association between different factors and indicators and the level of urban resilience in underdeveloped areas, as well as to test the rationality of indicator selection. Following is the precise calculating formula.
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where X and Y are the values of the two variables, respectively, and [image: image] is correlation coefficients with values ranging from [−1, 1]. When the value is close to 1, the two variables exhibit a strong positive correlation, when it is close to −1, the two variables exhibit a strong negative correlation, and when the value is closer to 0, the correlation between the two variables is weaker.
Pearson correlation coefficient can effectively reflect the correlation degree between indicators (Yang et al., 2022), and gray correlation analysis can be used to calculate the correlation degree between indicators and overall toughness level. Gray correlation analysis is a method for analyzing the correlation degree between factors of the system by comparing the similarity degree of data series geometric relationship and curve geometry (Liu and Yu, 2007). Following is the precise calculating formula.
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where [image: image] is the grey correlation degree of factor i and takes values from 0–1. And [image: image] is the resolution factor and takes values from 0–1. The smaller the resolution coefficient, the larger the disparity between the correlation coefficients and the better the capacity to differentiate, which is typically 0.5.
5 RESULTS
5.1 Urban resilience evaluation
Using the TOPSIS entropy weighting approach, we calculate the overall resilience of the six cities and states along the Sichuan-Tibet Railway (Figure 3). During the period 2015–2020, the overall resilience of each city exhibits an upward trend. This indicates that the national policy support and the influx of external resources brought by the major project of the Sichuan-Tibet Railway have contributed to the development of towns and cities in underdeveloped areas along the route, regardless of whether or not the construction of the railroad begins. Lhasa has the highest overall resilience and has been at a high resilience development level since 2016. Nyingchi and Ya’an have the same overall resilience at the start of the study, but Nyingchi’s resilience level is hindered after a high rate of increase, while Ya’an’s resilience level steadily increases and gradually surpasses Nyingchi. Lhoka and Garzê have a similar process of urban resilience improvement, while Lhoka, which is in the railroad constriction zone, has a higher growth rate of resilience. Qamdo has the lowest level of resilience, but its overall resilience has increased throughout the study period, rising from low to medium resilience.
[image: Figure 3]FIGURE 3 | Trends in the evolution of the overall resilience level of study objects.
Figure 4 depicts the outcomes of the analysis of urban resilience levels in several economic, social, environmental, and infrastructure aspects across six cities and states. During the period 2015–2020, the economic and social resilience of each city has a consistently increasing trend, the environmental resilience demonstrates an inconsistent upward jump trend, and the infrastructure resilience fluctuates with clear city-to-city variances. Lhasa has the strongest economic and social resilience among all cities, and its environmental resilience has risen dramatically since 2017. Ya’an has greater environmental and infrastructure resilience than the other two aspects. Nyingchi shows a trend of stagnant development after a rapid increase in all resilience, and economic and infrastructure resilience has even declined. And Lhoka is at a medium level of development in all resilience, with a stable overall growth trend. Qamdo and Garzê, as cities without complete railroad projects, exhibit comparable tendencies in the evolution of various forms of resilience, with environmental resilience increasing more rapidly than infrastructure resilience, which remains essentially unchanged or declines somewhat.
[image: Figure 4]FIGURE 4 | Trends in the evolution of various aspects of resilience levels. (A) Economic resilience. (B) Social resilience. (C) Environmental resilience. (D) Infrastructure resilience.
5.2 Resilience coupling coordination
In the coupled coordination model computation, we assessed the total degree of coordination between the aspects of resilience and the degree of coordination between the two dimensions. In general (Figure 5), the overall coupling coordination degree of urban resilience for each city and state steadily increases and follows the same evolutionary pattern as the overall urban resilience. The coupling coordination degree of Lhasa is also the highest among the cities and provinces, essentially maintaining the intermediate and high-quality coordination status. Qamdo and Garzê are far behind the other cities, but their rate of improvement is faster, and they have gradually developed from a dysfunctional status to a preliminary coordination status. The evolutionary trends of Lhoka, Nyingchi, and Ya’an are similar. The coupling coordination degree in Nyingchi has gradually declined since 2017, which is consistent with the evolutionary characteristics of its urban resilience.
[image: Figure 5]FIGURE 5 | Trends in the evolution of resilience coupling coordination.
On this basis, we aggregate the economic, social, environmental, and infrastructure resilience and calculate their degree of linkage coordination (Figure 6). Comparatively, the evolution of the degree of coupling coordination between economic and social resilience is relatively similar, whereas the evolution of environmental and infrastructure resilience is more independent, indicating that the degree of connection between economic and social development may be closer than the other two aspects. Moreover, the evolution of the degree of coupling and coordination of each city’s resilience also varies. For instance, the coupling coordination among economic, social, and infrastructure resilience in Lhasa is significantly higher than in other cities, maintaining a high-quality coordination status, whereas the coupling coordination with environmental resilience shows a phased increase. The coupling coordination among social, environmental, and infrastructure resilience in Ya’an is significantly higher, whereas the coordination degree of economic resilience is relatively low. In Qamdo, the coupling coordination among social, environmental, and infrastructure resilience is significantly higher, whereas the coordination degree of economic resilience in Garzê has the highest degree of coupling coordination between environmental and infrastructure resilience, while Qamdo has the fastest degree of coupling coordination between social resilience and environmental resilience.
[image: Figure 6]FIGURE 6 | Trends in the evolution of aspects of resilience coupling coordination. (A) Economic & social. (B) Economic & environmental. (C) Economic & infrastructure. (D) Social & environmental. (E) Social & infrastructure. (F) Environmental & infrastructure.
5.3 Resilience correlation
The analysis of urban resilience trends and coupling coordination reveals that the development and evolution of economic resilience and social resilience are relatively similar to the evolution of urban resilience as a whole, whereas environmental and infrastructure resilience reflects unique characteristics. We can therefore validate them using Pearson correlation analysis and gray correlation analysis. Figure 7 displays the results of the Pearson correlation coefficient calculation, which demonstrates that economic and social elements have a stronger relationship with urban resilience. Moreover, the correlation coefficients between economic and social resilience are extremely high, indicating that they interact closely. The correlation between environmental and infrastructure resilience and other resilience factors is weak, suggesting that their roles are relatively independent of overall urban resilience. Figure 8 depicts the findings of additional correlation analysis among the indicators. Among all evaluation indicators, those about city finances, residents’ lives, and social services have the highest correlation with city resilience. And there are mostly certain connections between city economic and social resilience indicators. The majority of urban environmental and infrastructure resilience indicators do not correlate significantly with economic and social resilience indicators, and their internal correlation is similarly modest.
[image: Figure 7]FIGURE 7 | Pearson correlation coefficient for each aspect.
[image: Figure 8]FIGURE 8 | Pearson correlation coefficient for each indicator.
By doing a gray correlation study between each indicator and urban resilience as a whole, we may gain a deeper understanding of the magnitude of the driving power of each indicator on the urban resilience of underdeveloped cities, as detailed in Table 3. Indicators related to the urban economy and resident’s lives, such as bank deposit balance per capita and GDP per capita, as well as indicators related to public services, such as the number of mobiles per capita, have a higher degree of correlation with urban resilience. Indicators of urban environmental resilience and infrastructure resilience have a relatively lower correlation with urban resilience, which is essentially consistent with the results.
TABLE 3 | Grey correlation of each indicator.
[image: Table 3]6 DISCUSSION
6.1 Influencing factors of urban resilience
The urban resilience of cities in underdeveloped regions is inadequate, but under the influence of significant construction projects and national aid policies, diverse resources pour fast into these cities, resulting in constant improvement. Lhasa, Lhoka, Nyingchi, and Ya’an, in which railway subjects are under construction or already in operation, have significantly higher urban resilience (especially economic and social resilience) than Qamdo and Garzê, in which railway construction is not yet complete. While their urban resilience tends to increase significantly at the beginning of the railroad construction and opening to traffic, such as Nyingchi and Lhoka at the beginning of the railway operation period. However, not all indicators of urban resilience maintain continuous growth after the construction or operation of major projects, such as Nyingchi after a period of railroad construction (2017–2020), when all its resilience levels begin to decline and are difficult to improve further. Whereas for other cities and states, economic, social, environmental, and infrastructure factors do not have the same influence on urban resilience. Consequently, based on the comprehensive assessment of urban resilience, the effect of each component on the overall resilience of cities should be assessed separately in order to explore the characteristics and trends of urban resilience’s evolution in a focused manner.
6.1.1 Economic resilience
The degree of urban economic development is the basis of sustainable urban development and a crucial determinant of urban resilience (Sabatino, 2016; Feng et al., 2023). When cities resist external disturbances, greater economic resilience enables them to accumulate sufficient material reserves and maintain basic operational efficiency to quickly compensate for the direct losses and indirect impacts of the disturbances (Wang S et al., 2022). And after the external disturbances have subsided, cities with greater economic resilience can also establish themselves more quickly, allowing them to quickly regain or even surpass their prior development position.
Improving the economic resilience of cities in underdeveloped regions is essential for enhancing the living standards of residents, promoting harmonious and stable social development, enhancing the living environment, and promoting the construction of urban and rural infrastructure, thereby making these cities and towns less susceptible to collapse in the face of external disturbances. For cities and states along the Sichuan-Tibet Railway, differences in economic resilience are caused by factors such as urban location, attributes, and transportation infrastructure conditions. Regardless of whether it is Lhasa with high resilience or other cities transitioning from low to medium resilience, economic development is steadily improving. With the completion and gradual opening of the Sichuan-Tibet Railway, external human, logistics, information, technology, and capital flows will accelerate into the surrounding towns and cities, thereby accelerating the economic development of these cities, which must adhere to a path of sustainable development and prevent structural disorders and ecological damage caused by excessive urban development.
6.1.2 Social resilience
The social system of a city is a complex system comprised of numerous areas of life, healthcare, education, management, and culture, and its level of resilience is an essential component of urban overall resilience (Maclean et al., 2014; Saja et al., 2019). A higher level of social resilience implies, on the one hand, that urban residents have a higher standard of living and that households and communities have sufficient resources and capacity to withstand losses from external disturbances, on the other hand, that cities have a higher level of public services to meet the sharply rising demand for social services and grassroots management during external disturbances.
The low degree of social development is one of the defining characteristics of underdeveloped cities, and the big wealth disparity and major public service gaps pose significant threats to the development of urban resilience. In the event of severe natural disasters or outbreaks of infectious diseases, it will be difficult to mobilize social resources, and without the timely influx of external resources, significant societal losses will occur (such as the Wenchuan and Ya’an earthquakes). Due to this, the construction of the Sichuan-Tibet Railway had the most evident impact on the social resilience of the communities along the route. After the completion of the large-scale project, the living income and employment level of residents in the towns along the route will continue to increase, thereby bolstering social resilience; in the event of external disturbances, external resources can also be imported quickly via rail, thereby enhancing the buffer capacity and recovery speed of the cities.
6.1.3 Environmental resilience
The environmental resilience of cities encompasses urban ecology, resources, and environmental health, and is an inherent factor that supports the regular operation and sustainable growth of cities (Alberti and Marzluff, 2004; Perrings, 2006). The maintenance and transformation of urban environmental benefits and urban economic and social development interact in a dynamic equilibrium, and adherence to ecologically coordinated green development is conducive to enhancing the quality of urban economic development, as well as promoting the improvement of the human habitat and the living standards of urban residents (Pickett et al., 2014). Greater environmental resilience can reduce the risk of the spread of infectious diseases in urban areas while also enabling cities to obtain more suitable ecological buffers and a wealthier supply of resources in the face of natural disasters, thereby ensuring that cities can resist disturbances and recover rapidly from them.
Due to a lack of comprehensive social governance capacity and reasonable urban planning, environmental sanitation conditions in underdeveloped regions cannot meet the needs of inhabitants. Nevertheless, the environmental resilience basis of cities varies widely, and climate, geology, hydrology, and resources are all characteristics that have the potential to become significant limiting factors for their development. The development of large-scale projects in underdeveloped regions would, on the one hand, stimulate the expedited construction of sanitation projects and increase the quality of urban sanitation, but it will also represent a significant threat to their delicate urban ecological environment. It is vital to closely regulate the environmental degradation and resource consumption caused by the project’s construction, to maintain a balance between economic and environmental benefits, and to support the green and sustainable development of the communities along the route.
6.1.4 Infrastucture resilience
This research focuses primarily on the infrastructure (such as water supply and drainage, power supply and heating, gas, road construction, network communication, etc.) that maintains the operation of cities, and the construction and maintenance of these facilities are closely related to the economic and social development of cities as well as the resource utilization and environmental protection requirements. Therefore, improving the resilience of urban infrastructure is a process of continuously fulfilling the new demands of urban development, which is typically a sluggish and lagging process. High infrastructure resilience is the fundamental guarantee for urban operation in the face of external shocks (Alderson et al., 2015; Labaka et al., 2016; Liu and Song, 2020), hence urban crises produced by inadequate infrastructure resilience are more severe than those caused by other resilience aspects (e.g., insufficient urban power supply and road damage caused by natural disasters).
Due to the weak economic and social foundations of cities, infrastructure development in underdeveloped regions lags substantially behind that of economically developed regions, yet towns in these regions are also relatively less dependent on infrastructure. The speed of infrastructure construction in cities along the Sichuan-Tibet Railway has accelerated steadily due to the construction of large-scale projects, but this will be a protracted and ongoing process that cannot be completed overnight. To achieve the coordination of urban growth pace and development quality in less-developed areas, it is vital to maintain the synchronization of infrastructure construction with economic and social development and improvement of the human living environment.
6.2 Evolutionary paths of urban resilience
The combination of urban resilience evaluation, coupled coordination degree analysis, and correlation analysis can determine the evolution process and coordination relationship of each dimension of urban resilience. And the multidimensional evaluation model combining economic, social, environmental, and infrastructure can then determine the path and mode of urban resilience evolution from an overall standpoint. Since economic and social resilience are correlated, whereas environmental and infrastructure resilience is rather independent, a three-dimensional model for assessing urban resilience can be developed by incorporating economic-social resilience as one of the dimensions (Figure 9). We categorize the results of the city resilience evaluation into three levels: high resilience (>0.6), medium resilience (0.3–0.6), and poor resilience (0.3) to evaluate the evolution of urban resilience in each dimension. When the economic-social resilience level of a city is significantly lower than the environmental and infrastructure resilience levels, it indicates that economic and social development momentum is insufficient. Therefore, the city should accelerate the introduction of external resources and activate the leading industries in order to accelerate economic and social development. When environmental resilience is significantly lower, it indicates that excessive development and pollution levels are unsustainable. When infrastructure resilience is significantly lower, it indicates that urban infrastructure construction is lagging behind urban development and it is vital to strengthen infrastructure investment and encourage high-quality urban development. When all aspects are maintained at a high level, the economic and social development of a city is coordinated with the urban environment and the construction of infrastructures. It means overall resilience is high.
[image: Figure 9]FIGURE 9 | Three-dimensional evaluation model of urban resilience.
Figure 10 depicts the evolution of urban resilience development in each city and state along the Sichuan-Tibet Railway. By evaluating the evolution pattern of resilience in various cities and states, we may determine their resilience development path and current state of development and then anticipate and direct their future development.
(1) Lhasa’s overall resilience demonstrates a pattern of prioritizing economic development and limiting the improvement of environmental and infrastructure resilience, which then transitions to a sustainable development path of slowing economic and social development and prioritizing environmental and infrastructure construction, and then enters a phase of high resilience development.
(2) Lhoka remains at the medium resilience development level, with balanced development of all aspects and progressive overall improvement, and moves gradually to the high resilience development level.
(3) Nyingchi’s resilience in all dimensions has plateaued after an early period of strong growth, and it is difficult to break past the bottleneck of medium resilience development; the city urgently needs new external development momentum.
(4) Qamdo’s urban resilience level exhibits a gradual progression from low resilience to medium resilience, but the resilience foundation is weak and the deficiencies of urban infrastructure construction are evident.
(5) In Garzê, the construction of infrastructure has resulted in the improvement of economic, social, and environmental resilience, but its infrastructure resilience is limited and requires future infrastructure construction improvement to maintain the urban growth trend.
(6) Ya’an’s urban resilience demonstrates an opposite evolutionary path to that of Lhasa, with slow growth in economic and social resilience, while environmental and infrastructure resilience has increased significantly, further driving economic and social development and assisting the city in shifting to a high resilience development level.
[image: Figure 10]FIGURE 10 | Evolutionary paths of urban resilience of each object. (A) Lhasa. (B) Lhoka. (C) Nyingchi. (D) Qamdo. (E) Garzê. (F) Ya’an.
7 CONCLUSION
Extremely sensitive to external shocks are cities in underdeveloped locations with severe natural environmental limits and insufficient foundations for their own economic and social growth. How to improve the overall urban resilience and boost the resistance, adaptation, and recovery capacity of at-risk cities is one of the development challenges faced by these cities, and the evaluation and characterization of urban resilience serve as the foundation for the related activity. This study proposes a quantitative evaluation framework that combines the TOPSIS entropy method, coupled coordination model, and correlation analysis to determine the evolutionary path and trend of urban resilience by assessing the resilience of underdeveloped cities and analyzing the coupled coordination relationships between their intrinsic factors. The study’s results can aid in clarifying urban development strategies and give quantitative evidence for relevant policy ideas and planning activities.
This study’s methodology and findings provide a certain reference value for urban planning work, and its originality is demonstrated primarily in the following. Firstly, this study selects cities in underdeveloped regions as the research objects. Although these cities have a weak resilience foundation, the inner system composition is simpler, and the resilience evolution characteristics are more evident than in developed cities, so it is easy to judge their resilience development pattern and evolution direction. Secondly, this study also combines multiple evaluation and analysis methods. Based on the evaluation and analysis results, explore the internal linkages and the degree of coordination of subsystems. Thirdly, this study proposes a three-dimensional model to determine the development state of urban resilience, from which we can analyze the pattern and development direction of each city’s resilience evolution to suggest guiding ideas for various cities. Each city’s pattern of resilience evolution and development path can be analyzed, allowing us to suggest guiding principles for its qualities.
The city is a complex large-scale system, and urban resilience is influenced by a variety of internal and external elements, as well as dynamic interactions between subsystems. Simultaneously, the key causes of urban resilience vary from city to city, as do the variables that impede urban development in cities in underdeveloped regions. This paper presents a universal framework for assessing urban resilience in underdeveloped locations, although it has certain practical limits. The evaluation indicators of the study have yet to be further enriched to make them more relevant to underdeveloped regions. Moreover, the linear thinking of the TOPSIS model has some limitations in evaluating the non-linear development process of urban resilience. Therefore, we believe that the research based on this evaluation method must further investigate the interactions of various subsystems and determine the dominant factors affecting urban resilience. When assessing and analyzing the resilience of a specific city, appropriate evaluation indicators and methods must be chosen following the city’s characteristics, and the effects of climate, ecology, topography, religion, humanities and other factors must be taken into account. It can make evaluation results and strategies for urban development more targeted. Moreover, future study should also focus on urban resilience prediction and proposes strategies for specific construction aspects.
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