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Abstract

:

Despite the emphasis on sustainability in post-disaster recovery plans (PDRPs), few studies have been conducted to investigate the information conveyed in disaster recovery plans in terms of sustainability. We aimed to investigate, in terms of sustainability, how post-disaster recovery plans can be improved from historical learning by examining local recovery plans that were developed and adopted after the Wenchuan and Lushan earthquakes, which are two representative post-disaster recovery cases in China. An evaluation protocol for sustainability issues was developed to analyze the recovery plans of the most severely affected counties and towns in Wenchuan (16 samples) and Lushan (7 samples). A comparative analysis was conducted to identify the similarities, differences, and evolution of sustainability considerations in these PDRPs. Semi-structured interviews with key informants were conducted to supplement the evaluation with qualitative data. The results show that the components and concepts of sustainability in PDRPs are conveyed and developed mostly by following the organization’s existing patterns and regulations. In contrast, some components are retained across plans, thereby suggesting a substantial general structure of recovery plans. The underlying logic of this experience transfer across plans was discussed. The findings can help local governments and planners to effectively incorporate sustainability into PDRPs.
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1. Introduction


After experiencing the Wenchuan earthquake in 2008 and the Lushan earthquake in 2013, the Chinese state and local governments established standard guidelines for conducting post-disaster recovery and reconstruction work. Two typical catastrophe response models were initially developed after the Wenchuan and Lushan earthquakes. After the Wenchuan earthquake, more than 200 post-disaster recovery and reconstruction policies were issued by the national and local governments in 2008, in which 19 provinces and municipalities participated in the paired assistance program. Then, the Lushan earthquake provided the opportunity for China to foster a new model of locally-led post-disaster reconstruction. This model has transformed the national assistance model into an intra-provincial assistance model. The cities and counties in Sichuan province were paired to achieve the goal of reconstruction within three years.



Post-disaster recovery plans (PDRPs) now occupy a commanding position in reconstruction work. PDRPs are different from conventional plans and are developed in the special context of sudden disasters (i.e., disasters with short time duration, staggered tasks, and diversified demands). PDRPs are associated with recent construction plans and are consistent with the long-term development of disaster-affected areas. From a practical perspective, many studies have demonstrated that the urgency and high uncertainty of PDRPs may lead to various problems, such as secondary disasters after short-term decision-making, the ignorance of the root causes of regional vulnerability from a long-term perspective, and even the amplification of social, economic, and environmental weaknesses. Therefore, sustainability, which aims to realize the quality of being able to continue over a period of time, must be included as a key control dimension in the recovery process [1].



In the late 1970s, Haas et al. completed a pioneering study on post-disaster recovery [2] that continued into the 1980s. Post-disaster land use was the first application of the disaster recovery plan (DRP) [3]. Publications on post-disaster recovery and reconstruction plans were compiled by the United States Planning Bureau and filled the research gap regarding post-disaster recovery [4]. Empirical studies on post-disaster recovery have mainly focused on housing reconstruction [4,5,6,7,8,9,10,11,12], commercial recovery [13,14,15,16], urban planning [17,18,19,20], disaster sociology [21,22,23], and policy implementation [24,25,26,27]. The Handbook for Post-Disaster Recovery Practice proposed a “favorable” evaluation rule of post-disaster recovery and reconstruction plans [28]. This handbook set the basis for future post-disaster recovery and reconstruction research. Berke et al. used the assessment of 87 local PDRPs of eight states in the Southeast United States to integrate the plan quality principles into the anticipatory governance model and to build a new model for adaptive planning [20]. However, few studies have been conducted to investigate PDRPs in China. After the Wenchuan earthquake, studies have focused on reconstruction experience and summary [29,30], reconstruction policy analysis [12,27,31,32,33,34], reconstruction technology [35,36,37], reconstruction satisfaction surveys [38,39,40], and reconstruction plans [41,42,43]. The lack of incorporation of sustainability perspectives affects the plan quality and implementation. Thus, no definitive answer has been generated for determining the ideal PDRP.



The concept of sustainability started being applied in the field of post-disaster recovery and reconstruction in the 1990s [44,45]. The recovery process is highly time-constrained compared to the process of urban development [46]; thus, integrating sustainability into the recovery process presents a challenge. The importance of sustainable development in disaster prevention and mitigation has been established, but a comprehensive theory on sustainable post-disaster recovery and reconstruction has still not been proposed [18]. Therefore, PDRPs’ documents provide guidelines for the proper implementation of sustainable development principles and reconstruction plans. A consensus has been reached on the core principles of plan quality (e.g., goals, fact base, policies, implementation, and inter-organizational coordination), as well as the measurable indicators that must be adapted in a particular planning domain [47,48,49]. Song et al. evaluated the quality of PDRPs after the Wenchuan earthquake and further explored the practicality of making these plans sustainable [1].



We aimed to evaluate PDRPs in China and to define the elements of sustainable planning in order to establish an evaluation framework that combines plan quality and sustainability. In the evaluation system, two representative examples of post-disaster recovery and reconstruction models were selected: (1) Wenchuan for state-led reconstruction and (2) Lushan for locally-led reconstruction. The similarities and differences between the two recovery plans were explored to compare their qualities. Semi-structured interview techniques were used to supplement our evaluation. Experiences and inspirations were summarized through a comparative analysis of the results. These findings can help local governments and planners to further integrate the concept of sustainability into the PDRPs, improve the quality of PDRPs in China, and promote sustainable development in the reconstruction areas.




2. Sustainability Evaluation Criteria in Post-Disaster Recovery Plans (PDRPs)


Baer [47] proposed a conceptual model called “plan evaluation” and established a set of criteria for the systematic evaluation of plans. Since then, scholars have conceptualized the composition and basic criteria for plan quality in multiple planning domains. Plans in Australia, Canada, the Netherlands, New Zealand, the United States, and the United Kingdom have been evaluated. Based on Baer [47] and Berke et al. [50], Berke and Godschalk [48] classified the evaluation of plan quality into two dimensions: (1) internal characteristics, including issue identification and vision, goals, fact base, policies, implementation, monitoring and evaluation, and internal consistency; and (2) external characteristics, such as organization and presentation, inter-organizational coordination, and compliance.



These evaluation principles are applicable to the assessment of plans for mitigating natural hazards, which are “time-and place-specific events that originate in the natural environment and the resulting disruption of the usual functions and behaviors of the exposed human population” [51]. The five main sections of Federal Emergency Management Agency’s Blue Book for hazard mitigation plans are closely related to these principles. However, due to the high degree of uncertainty and short-term decision-making in PDRPs [52], Berke et al. integrated the established plan quality principles into the anticipatory governance model [20,53,54]. These researchers proposed six dimensions of recovery plan quality principles: goals, fact base, policies, inter-organizational coordination, participation, implementation, and monitoring. Few studies have evaluated sustainable development plans, but similar studies have been conducted for other types of urban plans. Berke critically and comprehensively studied the concept of sustainable development [55]; this author identified four characteristics of sustainable development: reproduction, balance, linking local to global concerns, and dynamic process, and proposed six principles of sustainable development: harmony with nature, livable built environments, place-based economy, equity, polluter pay, and responsible regionalism. Song et al. embedded sustainability into plan evaluation using the quality indicators proposed by Berke et al. and the six PDRP principles formulated by Berke and Horney [1,20].



In the present study, we established an evaluation system based on the aforementioned works. The short-term and complex nature of recovery planning and the characteristics and principles of sustainable development comprise our proposed system. We merged similar principles and ultimately used the five principles as evaluation criteria:



(1) Information base. Sufficient information is a prerequisite for sustainable development. The following information must be included to place sustainability as a basis for a good plan: (a) determining the degree of danger, such as the boundary and magnitude of the earthquake; (b) analyzing the degree of potential secondary disasters, such as earthquake-induced dammed lakes, floods, and landslides; (c) assessing ecosystems and their carrying capacity; (d) analyzing current and future scenarios of potential vulnerabilities, which are the inability of the social-economic system to withstand the effects of natural hazards [56,57]; and (e) assessing plan capacity, including a list of all relevant data sets, plans, and financial and technical capabilities.



(2) Vision, goals, and targets. We expect that the vision for a PDRP must include sustainability and resilience as the most basic and important goals. Resilience is a dimension of sustainability that is particularly important in post-disaster recovery. In our evaluation framework, resilience emphasizes the goal of increasing the capacity of an area to prevent risk and to aid recovery from subsequent disasters [58,59,60]. Sustainability goals must consider the environment, the economy, and equity as the three basic dimensions.



(3) Policy actions and strategies. In sustainable disaster recovery, returning to normality is not always the most satisfying outcome because people may re-embrace the vulnerability to future disasters. Therefore, we assume that sustainable recovery actions must include recovery and improvement actions and strategic compositions to promote further resilience. Policy measures and strategies must be fully sustainable. These strategies include considering risk mitigation, restoring ecosystems (including forests, wetlands, soil, and contours), strengthening infrastructure, a safe local economy and housing construction, the strategic deployment of land use, implementing strict building regulations, and regulations that require the reconstruction of sustainable locations and patterns.



(4) Participation and coordination. Allowing the participation of stakeholder groups and the public helps to reduce conflicts and ensure high public support for the program. Participation ensures that the plan reflects local requirements, thereby increasing the likelihood that local stakeholders will support the plan. Coordination among government agencies is preferred to ensure that the plan is supported and will be implemented by the government. Several coordination strategies include the horizontal coordination of government departments at all levels, vertical coordination among government departments at all levels, and coordination across different types of plans.



(5) Implementation and monitoring. Implementation and monitoring are crucial for integrating sustainability into earthquake recovery procedures. The implementation of actions, organizational responsibilities, implementation schedules, funding sources, and methods of updating plans must be clearly stated in public documents to clarify the agenda. Indicators for tracking recovery results must be established to provide feedback during planning and to inform future planning actions. The receiving, recording, and managing of recovery funds from governmental and non-governmental organizations must be clarified in the recovery plan to establish public sector accountability and gain public support.




3. Research Method


In order to effectively compare the PDRPs of Wenchuan and Lushan earthquakes, this study takes a logic flow as shown in Figure 1. The analysis unit is the post-earthquake recovery plan at the county and township levels after the Wenchuan and Lushan earthquakes. This is because the recovery plans at the county and township levels obtained little attention in past research. In addition, it is extremely meaningful to examine local recovery plans as local actions play a great role in disaster recovery. A plan evaluation protocol based on existing studies is developed to examine and assign values for the selected PDRPs. Double coding is undertaken to ensure the reliability of the assessment results. Mean and standard deviation of samples for each indicator specified in the evaluation protocol are used to compare the performance of PDRPs at the county and township levels after Wenchuan and Lushan earthquakes. In-depth discussions and recommendations are also provided based on the findings. The following subsection will present the research process and findings in detail.



3.1. Sample Selection


The units in this study mainly include the post-earthquake recovery plans at the county and township levels. We selected our sample from the most seriously affected areas in Lushan county and the areas in Baoxing and Tianquan counties where the earthquake hit the hardest. Four town-level recovery plans from Lushan were included. Based on previous research, recovery plan documents for eight of the most severely affected counties in Wenchuan and eight town-level recovery plans from the hardest-hit areas within Wenchuan and Beichuan counties were collected (Appendix A).



Our team had already evaluated the recovery plan for the Wenchuan earthquake. All planning documents used in the study were obtained from local governments and planning agencies responsible for drafting plans. Each plan was developed in an urgent way within 6 months of the disaster.




3.2. Developing a Plan Evaluation Protocol


To ensure the consistency of plan evaluation, we used the assessment framework from the Wenchuan recovery plan document. We critically analyzed 7 and 16 recovery plans for the Lushan and Wenchuan earthquakes, respectively. The evaluation system is based on the quality indicators from Berke’s recovery plan and the local disaster recovery plan quality analysis tools created by Berke et al. [20]. We selected indicators that can be used to evaluate the sustainability of plans and added some indicators related to the Chinese characteristics of reconstruction policies. An example of an added indicator was “coordinate resources from ‘paired assistance’ program”. The evaluation framework system based on the abovementioned evaluation indicators is displayed in Table 1.



Both the highlighted and overlooked factors in the current plan can be identified on the basis of the scores of the different code items. This framework system can be used to compare the recovery of different governments levels and recovery themes. The asterisk is marked with a 0–1 binary code (0 indicates that the item is excluded from the plan; 1 indicates a description associated with the item in the plan), whereas other items are 0–2 ordinal codes (0 indicates no mention in the plan, 1 indicates a general description in the plan, and 2 indicates detailed descriptions, including plans and tables, in the plan). Figure 2 presents three examples of applying the evaluation method to the collected recovery plan samples.



During the analysis, we performed double coding to ensure the reliability of the results before computing the intercoder reliability scores. An overall intercoder reliability score of 76.3% was obtained. The Wenchuan earthquake had the same overall intercoder reliability score, whereas Lushan earthquake had a score of 87.2%. As the reliability of plan quality assessment is 70–97%, the results of this study are within the acceptable range [48]. For easy comparison, the weights of the items were normalized by obtaining the index scores through the addition of the coded values for each item number and the division of the total number of coded items, in accordance with the method used to evaluate the previous plan. We doubled the coding values for all binary items to make them consistent with other coding weights.




3.3. Key Informant Interviews


We conducted semi-structured interviews with key people who were directly or indirectly involved in preparing recovery plans to comprehensively assess the recovery plan and obtain complementary information that was not mentioned in the collected documents. The qualitative data gathered from the interviews could help us to understand the reasons behind the scores. Ten of the interviewees were planners who participated in creating the recovery plans, and the other 10 interviewees were government officials from central, provincial, municipal, and local governments who were responsible for making recovery plans. The accuracy and authenticity of the content were ensured by recording all interviews and handling interview information anonymously.



The interview protocol (Appendix B) was developed in conjunction with the specific items of the planning document. A research assistant transcribed and used open coding for the results, and then inputted the results into the textual assessment system. Notably, interview data were only used as a supplement to explain the score (i.e., interviews did not affect the evaluation results).





4. Findings


The assessment results of the recovery plans for the Lushan and Wenchuan earthquakes are summarized in Table 2. The comparison results of the code scores were used as bases for the conclusions.



4.1. Information Base


The specific encoding values of the information bases are plotted in Figure 3. The overall trends of the evaluation of the recovery plan are nearly the same for hazard identification, current vulnerability, ecological capacity, and capacity assessment. The basic information is insufficient to understand the relevant issues regarding the disaster, especially at the township level. The scores of the items closely related to sustainability, particularly ecological capacity and future scenarios for vulnerability, are extremely low.



The quality is slightly better in the Lushan earthquake’s information base than in that of the Wenchuan earthquake. According to the interviews, the Lushan earthquake had less of an impact and less damage-related data than the Wenchuan earthquake. Local governments have a reserve for data collection and have considerable experience in data collection after earthquakes. Before the experts entered the site, relevant assessment reports had already been completed.



Hazard identification and current vulnerability have the highest relative scores. The understanding of the basic disaster situation is thorough. Secondary disasters are more accurately identified in the Lushan earthquake information base than in that of the Wenchuan earthquake; the current vulnerability is slightly lower in the former than in the latter. This result is mainly reflected in the results of the economic vulnerability assessment. No digital description of direct economic losses was found in the Lushan earthquake documents. The data and interviews revealed that, in contrast to Wenchuan, the country did not disclose the direct economic losses of the Lushan earthquake. Economic losses due to the disaster in Lushan were estimated, but no accurate value was given. In terms of ecological carrying capacity, we found that many key chapters or paragraphs in the national- and county-level recovery plans seldom involve townships. Similarly, relevant reports on ecological carrying capacity at the national level seldom involve townships.



Among the five indices, future vulnerability scenario (s) scored the lowest. The PDRPs of the Lushan earthquake rarely included a relevant description of these indices. The interviewees indicated that the future vulnerabilities, such as site selection, infrastructure, traffic, and green space system, have been considered in the recovery plans, but the specific scenarios and alternatives are frequently not indicated in the document. Based on the capacity assessment, nearly all plans have planning lists. Technical assessments have clearer technical routes and more advanced reconstruction techniques for the Lushan earthquake than for the Wenchuan earthquake. Provincial paired assistance counties supported the rebuilding. The recovery plans of the three counties involved in the Lushan earthquake were directly supported by the top Chinese planning institutes, and the local design institute assisted throughout the process. Thus, the contents of these plans were integral.




4.2. Visions, Goals, and Targets


Figure 4 shows that the score of goals and targets is higher than that of the vision. The scores are higher for the Lushan than in the Wenchuan earthquake. This result is due to the target of the plan for Shuangshi Town being simple and empty, thus resulting in a low score.



In terms of planning visions, sustainability and resilience were thoroughly included. The reconstruction policy documents of both earthquakes state that “we should base on the present and focus on the future”. Therefore, sustainability is regarded as a default item that must be mentioned in the documents’ objectives.



The issues identified in the present study are the gaps in a specific implementation plan. These gaps can be caused by different levels of governmental planning. Resilience is rarely mentioned in the plan for the Wenchuan earthquake, and it only appears as a concept and lacks specific measures in the plan for the Lushan earthquake. Chinese academia only began to apply the concept of resilience to the planning field after 2010. Considering the goals and targets, the equity in both earthquake recovery plans is weak. A planner indicated that “equity is not a goal, but a basic planning principle”. For example, the pursuit of equity in housing reconstruction is a consensus. Therefore, emphasizing these basic principles in the plan is unnecessary. The interviewees were generally dissatisfied with the vision and goals of the recovery plans for the two earthquakes. A PDRP is an emergency plan, and long-term planning vision is also a necessary component of the planning documents. However, the long-term planning vision is not the focus of the actual implementation. Specific planning vision must be further clarified by statutory plans. Long-term sustainability is frequently weakened by the requirements of economic development or policy changes, and the specific effect depends on the follow-up.




4.3. Policy Actions and Strategies


The policy actions and strategies of the two earthquake recovery plans have large contrasts at the country level, whereas the evaluation results at the township level are the same, as shown in Figure 5. In terms of secondary disaster prevention, the Wenchuan earthquake recovery plans have higher overall scores than for Lushan. Given that the magnitude of the Lushan earthquake was 7.0 Ms, which is far less than the magnitude 8.0 Ms in Wenchuan earthquake, 97% of secondary disasters were small- and medium-sized. Therefore, secondary hazard solutions are not a priority in the Lushan earthquake recovery plans. The recovery plans for the two earthquakes have the same low scores for forest restoration. The county level is near 0.8, whereas the town level is near 0.3 for forest restoration.



The county level in the Lushan earthquake was significantly better in contrast to the Wenchuan earthquake in terms of wetland restoration and soil and contour restoration. Ecological restoration policies, such as wetland and soil restoration, are reflected in the plans for Lushan. The location of the Lushan earthquake, which is in the area of the Panda Reserve and requires considerable ecological protection, is favorable. This change also reflects the transformation in the recovery goals of local governments and planners. The interviewees agreed that the national government mentions many sustainable processes that are mostly committed to economic development in the Wenchuan earthquake recovery plan. The plan for the Lushan earthquake is based on local subjects. In the locally owned process, local governments consider the comprehensiveness of development rather than the economy. However, specific measures for ecological protection are relatively limited, and no factual measures are available for low-impact development (LID), which is emphasized in local development planning by the central government.



The score for infrastructure restoration and house reconstruction is lower in the Lushan earthquake plan at the county level than in the Wenchuan earthquake plan. Both plans underrate the risk of infrastructure relocation and temporary housing. Prefabricated houses were proposed for the Wenchuan earthquake, whereas the temporary refuge in the Lushan earthquake plans is tented areas, located mainly in school playgrounds, small squares in front of the village committee, and in the edges of the village. Economic recovery and land-use regulations are emphasized in the Lushan earthquake plans.



During the interviews, the interviewees stated that in addition to safety provision, cultural inheritance is a focus of the recovery plans. According to the current situation observed after reconstruction, spatial reconstruction has favorable effects on future development. In addition to the humanitarian perspective, revitalization policies and strategies have provided the affected areas with many opportunities to use their external resources and enhance their own improvement opportunities.




4.4. Participation and Coordination


The scores for participation and coordination were generally low for both earthquake recovery plans. The lowest scores were found in the Wenchuan earthquake plans, as shown in Figure 6. At the county level, the overall situation of participation and coordination in the Lushan earthquake plan (overall mean = 1.01) is higher than for Wenchuan (overall mean = 0.58). However, at the township level, the Wenchuan earthquake incorporates additional vertical cooperation and other post-disaster coordination.



The planning process is described in the documents of the Lushan earthquake, and the compilation is more detailed at the township level than at the county level. An important principle for restoration and reconstruction in the Lushan earthquake is “extensive participation of the people in the disaster area”, which is also reflected in the planning documents. The indexed item of public engagement techniques scored higher in the Lushan earthquake than in the Wenchuan earthquake at the county and township levels.



Public participation in the Wenchuan earthquake is poor; our informants admitted that public participation in the planning process for the Wenchuan earthquake is insufficient. The demands and preferences of the public, such as resettlement sites and styles of rebuilt houses, are directly reflected in the relevant planning contents. By contrast, in the Lushan earthquake, from the Appendix B of the text, the interview records or related questionnaires on household investigation can be intuitively observed, and the public will is directly reflected in the relevant planning content, such as the selection of resettlement sites and the style of rebuilding houses. In the coordination category, in contrast to the Wenchuan earthquake, the Lushan earthquake is a locally led disaster relief system. Counterpart support is present within the province. Therefore, the Lushan earthquake plans adopted horizontal coordination, which is more closely tied with local stakeholders and neighboring regions than in the plans for the Wenchuan earthquake. In the two earthquake plans, vertical coordination has high scores, and the national and provincial recovery planning lead the actions and executions. However, although the Lushan earthquake plan has more horizontal coordination, it still cannot exceed the vertical coordination score. Some interviewees stated that implementing horizontal coordination has many challenges. Cross-government departments require further integration and coordination in docking planning. “Guazhi” (which denotes that some people serve other organizations for a period while retaining their positions in the previous organizations) may be a special form of communication that establishes a link between institutions, and between institutions and governments.



Paired assistance is frequently mentioned in the recovery plans, while other voluntary or non-governmental organizations (NGOs) are seldom mentioned. Some interviewees simply commented that certain NGOs (e.g., the Self-inspection Committee of Baihuo New Village in the Longmen township of Lushan county) have emerged during reconstruction and have increased the public’s participation in reconstruction. We found that a social organization and volunteer service center was established after the Lushan earthquake. To train local talent for paired assistance, the center was divided into three levels: city, county, and township.




4.5. Implementation and Monitoring


The evaluation scores of both earthquakes for implementation and monitoring have a high degree of similarity, as shown in Figure 7. The implementation strategies are the highest scored, with most of the plans including implementation actions, organizational responsibility, and an implementation timeline. However, references to funding sources and methods of updating are scarce. The method for monitoring losses and recovery and financial monitoring have low scores. The interviewees recommended strengthening the dynamic recovery process but they do not have the personnel and technical capabilities to accomplish this task.



Some interviewees stated that the recovery plan is formulated within a relatively short period. Therefore, real-time monitoring and feedback are necessary. Many projects must be dynamically coordinated. Specifically, reconstruction plans must provide a dynamic planning process that incorporates implementation, monitoring, evaluation, and revision.




4.6. Summary


The recovery plans analyzed in this study did not fully reflect the principles and concepts of sustainability in any of the five components, although progress in sustainable penetration from the Wenchuan to Lushan earthquakes was observed. From the overall trend, the scores are slightly better in the Lushan earthquake plans than in the Wenchuan earthquake plans at the county and town levels.



In summary, the overall quality is generally better in county-level recovery plans than in town-level plans. County-level planning is likely to include an information base, vision, goals and targets, and policy actions and strategies. As shown in Figure 8, for the information base, the county-level recovery planning (overall mean score = 0.90) scored higher than the town-level planning (overall mean score = 0.55). Similarly, for the vision, goals, and targets, the score (overall mean score = 1.14) is higher for county-level than for town-level planning (overall mean score = 0.66). A significant score gap was found for policy actions and strategies. The overall mean score for the county-level planning is 1.02, whereas the overall average for the town-level planning is 0.71. However, for other planning principles, no evident gap was identified between county and township planning. For example, county- and town-level planning are both closely related in terms of implementation and monitoring; thus, the scores are similar.





5. Discussion


Based on the aforementioned findings, we found that considerable attention should be paid to some important issues.



5.1. Sustainable Implementation in the Recovery Plan


The continuous evolution and improvement of data collection, as well as the transformation of recovery goals at different stages, can be observed in the PDRPs for Lushan and Wenchuan. The goals are increasingly balanced; the economy is not the only concern but the ecological goal has also become more prominent. Reconstruction planning requires a long-term perspective. The idea of sustainable development in planning is formulated to be invisibly incorporated into the design of site selection, housing reconstruction, road traffic, and municipal administration. The change of goals and visions between PDRPs after Lushan earthquake and Wenchuan earthquake generally reflects the increasing emphasis on sustainable development. This shift is not an isolated change within the disaster context. Since 2013, ecological factors have obtained increasing attention as President Xijinping proposed “Green mountains and clear water are equal to mountains of gold and silver”. The change in the PDRPs echoes with the change of national development strategy under the normal development condition. However, the key task of recovery plans lies in their short-term emergency response, which will set a specific advance table for three to five years. Therefore, based on the long-term perspective, the planners must focus more on actual enforceability. The characteristics of the recovery plan indicate that the main function of the document is not to depict a vision. The recovery plan is not statutory, and implementing the goals and targets is optional. Specifically, completing post-disaster recovery work must rely on statutory planning to further define the direction of local development, but this will weaken the vision function of the recovery plan. The present study also confirms that the implementation effect of the recovery plan will be influenced by many policies in the later period. On the one hand, political and socio-economic changes may later hinder the implementation of sustainable principles and actions specified in the PDRPs. On the other hand, the rapid change and urbanization process sometimes presents unpredictable challenges specified in the PDRPs. Sustainable development should be realized based on the unpredictable challenges rather than the prediction in the PDRPs. Considering the lack of effective bottom-up planning, flexibility and suggested measures should be considered for long-term sustainable development.




5.2. Recovery Planning Capabilities in the Recovery Plan


The analysis of the PDRPs of both earthquakes shows that the technology for recovery plans remains in the exploration phase. No paradigm for a unified and high-standard planning document exists. Although future disaster scenarios have been considered during planning, they still lack the exact description of specific alternative models to simulate the scenarios. This is partly resulting from the difficulty of complete and precise investigation and forecasting of the secondary and future disasters. Advanced technologies need to be developed to rapidly collect and analyze the multi-attribute data after earthquake. Suitable models, which should be validated before making PDRPs, are needed to simulate the scenarios of future disasters. During the interviews, the interviewees referred to the lessons learned from Japan’s disaster prevention experience in preparing recovery plans. Unlike Japan, where earthquake frequently occur, there is generally a lack of effective experience summary and lessons transferring between disasters in China. The planning institutions focus more on planning under normal development conditions rather than planning after disasters. The evaluation of recovery planning capacity in China is insufficient. New technologies, such as low-impact development and green buildings, must be included in the plan to further promote flexibility of future development. In terms of temporary housing selection, some contradictions occur because the establishment of a recovery plan is a systematic process that requires extensive time, and temporary housing requires the shortest possible time. Therefore, the reconstruction plan must be separated first to rapidly guide the site selection while leaving space for long-term development.




5.3. Participation and Coordination in the Recovery Plan


The recovery and reconstruction plan for the Lushan earthquake have drawn considerable experience from Wenchuan. These processes further emphasize the need for precision in disaster relief. The words of the document have been written carefully and focus on practical results. According to the interview results, public participation in the process continues to increase. In the investigation stage, afflicted people, government organizations, and enterprises will discuss how to reconstruct intensively. Planning can include the victims’ preferences for the site selection, layout, and functional design of the housing through public participation while satisfying the basic needs such as safety and sufficient carrying capacity. Guazhi, known as job swaps, has become an important hub for horizontal and vertical coordination in China. In this study, the vertical coordination is better than the horizontal coordination for both earthquakes, but some differences are observed in the cross-sectoral cooperation among various local government departments. Relevant policies and measures of sustainability generally score higher at the county level than in the township-level recovery plans, indicating that lower-level planning cannot achieve higher-level goals. The decentralization of sustainability to local areas is an important issue that must be resolved in the future.




5.4. Strategic Recommendations on Improving PDRPs


First, the plan must enhance the information base. Data backup in disaster-prone areas must be strengthened to transfer data immediately after the disaster and share these data among agencies. Adequate attention must be paid to combining the evaluation system to form the paradigm of recovery plans, to increase the emphasis on future disaster scenes and ecology, and to enhance planning technology. Second, sustainability must be integrated into visions, goals, and targets. The positioning of the recovery plan and its connection and division with the statutory plans must be defined to analyze the vision accurately. The visions of recovery plans must be refined into smaller targets that can be measured and tracked, thus making achieving sustainability intuitive and feasible. Third, policy actions and strategies must be emphasized in PDRPs. In China, top-down control frequently plays a major role in guiding planning. Therefore, the top-level design of sustainable development tools and policy actions is particularly important. Our study found some weaknesses in implementing the objectives at the township level. Thus, bottom-up control must be used to strengthen local support and sustainability policy formulation. The plan must increase local cross-sectoral collaboration. We conclude that the locally-led disaster relief model adopted in the Lushan earthquake has better internal coordination than the national-led disaster relief of the Wenchuan earthquake. We recommend that local governments adopt the Guazhi approach to form a working team that will coordinate and supervise the concepts and implementations of sustainability in recovery plans. Finally, considering the changeability and time urgency of a recovery plan, the model must be a dynamic planning process from a sustainable perspective, requiring timely dynamic assessment and updating within a few years after the disaster.





6. Conclusions


We aimed to evaluate the planning documents of two earthquake recovery plans to determine their methods for transferring, preserving, developing, and applying the concept of sustainability, and to propose an improved planning method. Through thorough analysis and comparison of the two earthquake response plans, the results show undeniable progress in the sustainability of the planning documents. However, the total scores range from the middle to low levels, indicating that the principle of sustainability is not well integrated into the PDRP documents. Numerous problems and challenges must still be addressed to properly incorporate sustainability into the planning process.



This study improves the elements, framework, and content of the sustainable recovery plan and explored the influencing factors and mechanism of its implementation. Some suggestions have been presented in accordance with the actual situation in China for improving our theoretical understanding and practical operation level of PDRPs. The gap between the theory and practice of sustainable recovery planning must be further narrowed in the future. We think that planners must surpass the symbolic use of the concept of sustainable development and adopt a comprehensive development guidance strategy.



However, this study has certain limitations caused by applying a qualitative examination approach with limited samples. Would the findings be supported by other research methods? Would the findings be the same if we compare PDRPs of earthquakes in different countries? Future studies can take text mining to examine the similarities and differences of PDRPs with more samples in a quantitative and objective way. In addition, cross-culture comparison of PDRPs is also necessary to provide more insights on how to deliver the sustainability vision in PDRPs.
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Table A1. List of evaluated earthquake recovery plans.






Table A1. List of evaluated earthquake recovery plans.





	Plan Title
	Locality Level





	Longmen township post-disaster comprehensive plan and design
	Township (L)



	Baosheng township post-disaster recovery plan and reconstruction site plan
	Township (L)



	Shuangshi township post-disaster recovery plan
	Township (L)



	Qingren township post-disaster site plan
	Township (L)



	Weizhou town post-disaster comprehensive recovery plan 2008–2020
	Township (W)



	Yinxing township post-disaster recovery plan
	Township (W)



	Sanjiang township earthquake recovery plan
	Township (W)



	Shuimo town post-disaster recovery plan
	Township (W)



	Xuankou town post-disaster recovery plan
	Township (W)



	Tongkou town post-disaster recovery plan
	Township (W)



	Chenjiaba township post-disaster comprehensive recovery plan 2008–2020
	Township (W)



	Baishi township post-disaster recovery plan
	Township (W)



	Lushan post-disaster recovery plan 2013–2030
	County (L)



	Baoxing post-disaster recovery plan 2013–2020
	County L)



	Tianquan post-disaster recovery plan
	County (L)



	Beichuan post-disaster recovery plan
	County (W)



	Maoxian post-disaster recovery plan
	County (W)



	Anxian post-disaster recovery implementation plan
	County (W)



	Pingwu Wenchuan earthquake comprehensive recovery plan 2008–2020
	County (W)



	Mianzhu Wenchuan earthquake comprehensive recovery plan
	County (W)



	Shifang post-disaster recovery plan
	County (W)



	Dujiangyan post-disaster comprehensive recovery plan 2008–2020
	County (W)



	Pengzhou post-disaster recovery comprehensive plan
	County (W)







Note: L = Lushan earthquake; W = Wenchuan earthquake.
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Example 1. For the coding of item 1.1.1, Earthquake location/boundary identification: In the first chapter of the
Baoxing Post-Disaster Recovery Plan 2013-2020 (p. 133), the damage status and reconstruction conditions
mentioned are: “In the 4.20 earthquake, Lingguan is close to Lushan County, which was the epicenter of the
earthquake, and it was a serious disaster area in Baoxing County”. Because the word “close” is not accurate,
this item was assigned a score of 1. Comparatively, the Tianquan Post-Disaster Recovery Plan (p. 2) mentioned
in the disaster situation and characteristics chapter: “On April 20, 2013, an earthquake of magnitude 7.0
occurred in Lushan County, Sichuan Province. Tianquan County, 15 kilometers from the epicenter of the
earthquake, suffered a great loss of life, property, economy, and society of the people of the county.” This
description is accurate in terms of the distance, so it was assigned a score of 2.

Example 2. For the coding of item 3.1.1, Secondary hazard avoidance initiatives: In the Lushan Post-Disaster
Recovery Plan 2013-2030 (p. 54-57), chapter 5.9.3 mentioned that : “the main measures include clearing
danger, repairing retaining wall and rock retaining wall, strengthening anti-slide pile, sealing and supporting,
drainage groove, active and passive protective net, etc.” The main measures adopted are described in detail, so
it was assigned a score of 2. Tianquan Post-Disaster Recovery Plan (p. 26) only summarizes in one sentence: “In
view of the secondary disasters that may occur after the earthquake, attention should be paid to flood control
facilities and the reinforcement of upstream reservoirs”. It was assigned a score of 1.

Example 3. For the coding of item 2.2.2, Economic development: the Baoxing Post-Disaster Recovery Plan
2013-2020 (p. 26) only mentions in the planning principle “Inheriting culture and protecting ecology”, but does
not provide a description, so it was assigned a score of 1. In the Lushan Post-Disaster Reco