


Resilience-based planning for urban infrastructure in post-disaster recovery
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Urban infrastructure systems are more susceptible to disasters, which requires resilience-centred recovery planning models that incorporate measurement measures, prioritisation measures, governance frameworks, and equity measures. However, the available research base is still disjointed in terms of defining resilience concepts in the context of infrastructure recovery following the occurrence of a disaster.  This scoping review aims to outline resilience-based planning frameworks to support recovery of urban infrastructure following a disaster, and in particular, focus on resiliency indicators, decision support frameworks, governance issues, and equity concerns.  A methodological scoping review was performed based on the traditional methodological frameworks and the PRISMA-ScR guidelines. The peer-reviewed articles related to post-disaster infrastructure recovery and decision frameworks related to resilience were determined and analysed through the thematic analysis. The findings show that recovery time, functionality curves, and resilience index are the most common ways of measuring resilience. The recovery prioritisation is often done using network optimisation, multi-criteria decision analysis, simulation modelling, and artificial intelligence methods. Integration of equity aspects and modelling of cross-sector interdependencies are, however, limited. The issues of governance and data are common in the press. As much as resilience-based recovery planning has gone a long way in computing sophistication, a deeper combination of equity, interdependency modelling, standardised metrics, and governance systems is necessary to have holistic and viable urban infrastructure resilience. 
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1.0 Introduction
The increasing urban catastrophes put a lot of pressure on the metropolitan systems to be able to sustain the services they need and to recover in a fair way. The exposure to floods, earthquakes, storms, and compound hazards has been exacerbated by climate change, accelerated urbanisation, and ageing infrastructural assets, which translates into long-term disruptions in transportation and energy networks, water networks, communications networks, and healthcare networks (UNDRR, 2019). The modern policy tools, such as the Sendai Framework of Disaster Risk Reduction, emphasise resilience and the idea of building better in case of recovery (UNDRR, 2015). However, the normative desire for resilience in the operational post-disaster infrastructural planning has remained a thorny issue in translation.
In urban infrastructure, the concept of resilience typically denotes the ability to bounce back, take in, recuperate, and adjust to disturbances after they occur (Cimellaro, 2016; Meerow et al., 2016). Deterministic models include the aspects of resilience, redundancy, speed, and resourcefulness (Bruneau et al., 2003), whereas more recent models combine recovery pathways, recovery durability, and recovery adaptability throughout the various phases of disaster response (Yu et al., 2023). Developments in measurement can be seen in seismic resilience indices, weighting post-earthquake loss and recovery time (Zhai et al., 2023), scenario-based resilience indices of road networks (Rezvani et al., 2024) and pressure-state-response (PSR) flood resilience indices (Yang et al., 2025). Multi-stage models also show how pre-disaster city functionality determines performance in recovery (Zhang, J., Zhang, and Li, 2021). Although there have been methodological advances, resilience metrics are often not linked with action-oriented recovery prioritisation and resource allocation decisions.
The actual operation of post-disaster infrastructure recovery involves the sequencing of the restoration operation in the environment of uncertainty, interdependency, and resource limitation. Application of network-based and optimisation models has been done to road-bridge systems (Zhang, W., Wang, et al., 2017), interdependent transport-power networks (Zhang, W., Han, et al., 2024), and integrated public transport systems (Liu et al., 2024). Policy-based, along with game-theoretic model deal with uncertainty and institutional coordination in interdependent systems (Sun et al., 2020; He and Cha, 2019). New approaches, such as deep reinforcement learning to optimise the process of restoration (Liang et al., 2025), hypernetworks, and AI-based decision-support systems (Greenal and Anilkumar, 2025), are examples of increased work sophistication. Nevertheless, there is no systematic review on how these tools directly incorporate the measures of resilience and equity targets into recovery planning models.
The presence of governance and social equity aspects also makes recovery complicated. Comparative analyses of the post-disaster reconstruction planning in China emphasise the core role of state regulation in the formation of resilience outcomes (Shao and Xu, 2017; Xu and Shao, 2020), but local adaptive capacity is a highlight of community-centered and Indigenous recovery (Sabiq and Afrisal, 2025). The studies put an emphasis on the fact that institutional coordination, stakeholder engagement, and end-users' perceptions have an impact on recovery performance (Charles et al., 2022, 2023). Cascading risks are increased by interdependences between infrastructure systems (Kanno et al., 2019; He and Cha, 2022), and effects of multi-risk scenarios reveal constraints of traditional planning strategies (Mohammadi et al., 2024). There is still an unequal recovery among equities, and the vulnerable groups tend to be the slowest to recover services (Cutter et al., 2010).
Despite the fact that there is a substantial amount of scholarly work on the topic of urban resilience, disaster governance, and optimisation of infrastructures, there is still a lack of coordination between related fields. Reviews have analysed asset management and GIS-enabled decision support (Rezvani et al., 2023) and interdependent infrastructure recovery research (Huang and Li, 2025), but no integrated mapping has been done so far, focusing specifically on post-disaster urban infrastructure recovery and its definition, measures, prioritisation models, governance issues, and data demands.
This paper presents a systematic literature review on resilience-based urban infrastructure recovery in disaster recovery, specifically on resilience measures, priority models, decision-making, equity and data needs.
1.1 Aim of the Review
To map resilience-based planning methods that guide urban infrastructure recovery after disasters, focusing on resilience metrics, prioritization models, decision frameworks, equity considerations, and data requirements.
1.2 Research Questions
1. How is resilience defined and measured in post-disaster urban infrastructure recovery (service continuity, recovery time, robustness, adaptive capacity), and what metrics are most commonly used?
2. What planning/optimization methods are used (multi-criteria decision analysis, simulation, network analytics, AI/ML forecasting, resource allocation models) to prioritize recovery actions?
3. What governance, equity, and data challenges are reported, and how do studies address vulnerable populations, interdependencies, and uncertainty?
2.0 Theoretical Framework: Resilience Theory
2.1 Conceptual foundations of resilience theory
The main theoretical framework that will be used to evaluate resilience-based planning in urban infrastructure under post-disaster recovery is the resilience theory. The concept of resilience was initially developed in the ecological sciences by C. S. Holling, where resilience was described as the ability of a system to withstand perturbations whilst maintaining its fundamental structure and functioning (Holling, 1973). Unlike the classical equilibrium-based methods, which focus on stability and resistance to perturbations, the resilience theory recognises that complex systems undergo shocks and stresses, and, by that, they should have the ability to adjust, restructure, and stay active during the disturbances.
The resilience theory has experienced massive development over the last several decades and has been implemented in various fields, such as disaster risk management, engineering systems, urban planning, and infrastructure management. Such expansion is associated with the understanding that modern cities are characterised by interdependent socio-technical systems that cannot merely withstand disruptions but also have to recuperate a lot faster and adapt to emerging conditions (Meerow et al., 2016). As a result, resilience has become one of the key concepts of urban sustainability and disaster risk reduction.
In the framework of infrastructure systems, resilience refers to the capability of important infrastructure networks to predict, absorb, adapt to, and quickly recuperate disruption incidents like natural disasters or technological failures. Urban functionality is based on infrastructure systems: transport, electricity, water supply, telecommunication, and medical services. In the event of tragedies, local interruptions of such systems can trigger a series of events on economic activities, human health, and stability. Therefore, the resilience theory provides a guideline on how infrastructure systems may maintain critical services and how they can equally recover effectively after being hit (Bruneau et al., 2003).
One of the most commonly used definitions of resilience in engineering and infrastructure studies describes resilience as a process that has four core dimensions, namely, robustness, redundancy, resourcefulness, and quickness (Bruneau et al., 2003). Robustness is the ability of the infrastructure systems to resist disturbances without much of the functionality being lost. Redundancy refers to the fact that there are other components or pathways that can be used when parts are not available to allow the systems to operate. Resourcefulness is the ability of institutions and stakeholders to mobilise resources and the capacity to coordinate to respond in the process of recovery. Rapidity describes the rate at which the systems may recover after failures. In combination with each other, these dimensions give a holistic view of the rules of determining the resiliency of infrastructure systems.
2.2 Resilience in urban infrastructure systems
The systems of urban infrastructure are generally identified as more complex socio-technical networks where physical assets, institutional governance structures and human actors are interrelated. Such systems are interrelated and interdependent, which implies that the impact of one sector of infrastructure can spread to the others. As an illustration, the breakdown in electricity networks could impact the treatment plants and transportation systems, as well as health sector services. These interdependencies make the urban infrastructure very susceptible to cascading disruption during disasters.
The theory of resilience provides an analytic approach to the understanding of such interactions, as well as the assessment of the response of infrastructure systems to disturbances. Urban resilience as a concept has become a popular idea in the context of urban planning and infrastructure management over the past few years because cities are now working to enhance their ability to recover after climate-related impacts, natural disasters, and other systemic shocks (Meerow et al., 2016). In this view, resilience is no longer limited to physical infrastructure strength, but also institutional ability, governing institutions, and the ability of the community to act in case of a disaster.
The three complementary perspectives (engineering resilience, socio-institutional resilience and adaptive resilience) are commonly used to conceptualise infrastructure resilience. Engineering resilience focuses on the ability of infrastructure systems to resume the functionality of the system soon after disruptions. This view is especially so in critical infrastructure like electricity, transportation and water supply, where the social and economic effects of service disruption can be immediate.
Socio-institutional resilience emphasises the role of governance systems, collaborative efforts among stakeholders, and institutional capacity in the process of disaster recovery. The process of infrastructure recovery can have a number of different actors, such as the state government, special infrastructure service providers, emergency response teams, and community associations. Good coordination of these actors is necessary in order to have effective recovery and rebuilding operations.
Adaptive resiliency is concerned with how systems and institutions can learn through the experiences of the past and respond better to future disasters. The view also emphasises the need to use lessons learned in the past in the planning and policy development of infrastructure. A combination of these views can be used to offer a comprehensive resilience theory of how infrastructure systems can be able to sustain functionality and adjust to changing risk conditions.
2.3 Resilience-based planning in post-disaster infrastructure recovery
Resilience-based planning has become an important approach towards improving the process of recovery during disasters within the urban infrastructural systems. Most of the traditional post-disaster recovery strategies focus mainly on the remodelling of the damaged properties as a way of returning them to their pre-disaster environment. Although these strategies may help restore the functioning capacity of infrastructures within a short time, they usually do not help to mitigate the underlying vulnerabilities, which led to the collapse of the infrastructure during disastrous events.
Conversely, resilience-based planning focuses on rebuilding the infrastructure systems in a manner that enhances their ability to withstand the occurrence of future hazards. This approach is consistent with the general principle of a build back better that is advocated by the global models of disaster risk reduction, in particular the Sendai Framework of Disaster Risk Reduction. Therefore, resilience-based planning aims at integrating risk minimisation, infrastructure resilience and adaptability in the recovery operation.
One of the key principles of resilience-based planning is the prioritisation of infrastructure restoration efforts based on their impact on the system functionality as a whole. Due to the nature of infrastructure networks being interdependent, the restoration of some of the key elements can have a ripple effect in various sectors. Indicatively, by fixing the electrical power in a hospital, medical equipment, communications, and water supply facilities will also be operational at the same time. Therefore, the decision-makers should consider the restoration approaches considering the system-wide effects instead of working on individual assets.
The other important component of resilience-based planning is the inclusion of the risk assessment and scenario analysis component in recovery planning. Scenario-based planning enables the decision-makers to consider potential disaster outcomes and develop recovery strategies that will work in uncertain conditions. These proactive measures allow for the vulnerabilities within the infrastructures before the disasters take place (Cimellaro, 2016).
2.4 Measuring infrastructure resilience
One of the main problems when relating the resilience theory to infrastructure systems is the operationalisation and measurement of resilience. Since resilience is a multidimensional concept, it implies that it is a concept that includes robustness, the speed of recovery, and adaptive capacity; its measurement requires the creation of quantitative measures, gauging system performance through time.
A number of methodologies have been developed in the literature to measure infrastructure resilience. A typical approach makes use of resilience curves that outline the development of the infrastructure system functionality during and after a disturbance. Such curves generally measure the system performance with respect to time in terms of the degree to which a system will degrade during a disaster, and also how fast the system will recover (Bruneau et al., 2003). The region under the resilience curve is a general measure of the resilience, and the higher the value, the faster it recovers and the less service interruption.
The other strategy, which has been popularly used, is the development of resilience indexes which combine various indicators into a composite index of infrastructure resilience. These indices might include infrastructural redundancy, connection of the systems, period of recovery, and institutional capability. These indices allow researchers and planners to assess resilience in the various sectors and within different geographic conditions by combining many indicators.
It is also common to use scenario-based modelling to determine the resilience of infrastructure when subjected to different conditions of hazards. Simulation models also enable researchers to analyse the behaviour of the infrastructure systems in response to hypothetical disaster emergencies and also analyse the effectiveness of different recovery strategies. Such models are capable of considering such factors as the degree of infrastructure damage, the time of its repair, the availability of resources, and the interconnections of the infrastructure systems (Cimellaro, 2016).
2.5 Relevance of resilience theory to the study
The resilience theory provides a strong theoretical basis for studying resilience-based planning of urban infrastructure in post-disaster recovery. The theory deals with some of the critical issues that have been brought up by infrastructure restoration, such as the need to restore the necessary services promptly, managing the interdependence of infrastructure systems, and embedding adaptive learning in the recovery planning processes.
In the setting of the present study, the resilience theory explains the way the infrastructure recovery plans can be developed to maximise the functioning of the system and reduce the susceptibility to any future occurrences. The theory provides a framework that judges the effectiveness of disparate recovery planning techniques by concentrating on resilience measures, such as service continuity, recovery time, and system robustness.
Furthermore, the resilience theory is the basis of applying analytic tools and decision support models to prioritise infrastructure restoration processes. These tools allow planners to determine crucial pieces of infrastructure whose recovery would make significant improvements in the performance of the entire system. This strategy is especially decisive in a disaster recovery environment where there are few resources that have to be used effectively to recover critical services.
The incorporation of the resilience theory is also in line with the current policy frameworks of cities that focus on sustainable and resilient development of infrastructure. This is in part due to the increasing espousal of resilience-based planning strategies that incorporate the aspect of disaster risk mitigation in the urban development strategies by international organisations and policy frameworks. Through implementing the resilience theory as the main theoretical framework, the research is part of the growing body of literature to operationalise the principles of resilience in the context of infrastructure planning and disaster recovery.
2.6 Implications for resilience-based urban infrastructure planning
Using the resilience theory in the planning of urban infrastructure has a number of implications for disaster recovery planning. To begin with, resilience-based planning urges the decision-makers to go beyond the standard infrastructure repair policies and pursue comprehensive approaches that would take into account the system interdependencies and sustainability over time. This view recognises that restoration of infrastructure in the manner it was before disasters can help to mitigate vulnerabilities and increase the chances of future hiccups.
Second, the resilience theory highlights the importance of considering technical, institutional, and social aspects of the infrastructure recovery planning. The recovery efforts demand that various stakeholders, such as government agencies, infrastructure operators, the players in the private sector, and the local communities, collaborate effectively. It is important to increase coordination amongst these actors, hence to improve infrastructure resilience.
Third, resilience-based planning speculates the significance of learning and adaptation in disaster handling. The process of recovery should also include the lessons learned in past disasters and use them to enhance the planning of infrastructure and risk-management policies in the future. These types of adaptations can be used to make sure that the systems of urban infrastructure are increasingly resilient as time goes on.
Essentially, the resilience theory is a holistic approach to the analysis of a scenario in which urban infrastructure systems can overcome disruptions, recover effectively, and respond to changing risks. Through the application of this theoretical lens, this current research aims to investigate how resilience-based planning strategies can enhance the post-disaster recovery efforts and help create a more resilient urban system of infrastructure.
3.0 Methodology
3.1 Study Design
The proposed research used the scoping review design to map and synthesise resilience-based approaches to planning that could inform the recovery process of urban infrastructure in the aftermath of the disaster. It was especially suitable for a scoping review since the field included various disciplines, such as civil engineering, infrastructure systems, disaster risk reduction, urban planning, governance studies and computational modelling and a wide array of methodological solutions, including simulation modelling, optimisation algorithms, empirical case studies, and policy analysis. The process did not aim to evaluate the effectiveness of interventions, but to look at the conceptualisation, operationalisation and implementation of resilience into decision-support and recovery planning models.
The review process was based on the methodological approach initially suggested by Arksey and O’Malley (2005) and then improved by Levac et al. (2010). To provide transparency, reproducibility, and methodological rigour, the reporting was based on PRISMA Extension for Scoping Reviews (PRISMA-ScR) guidelines (Tricco et al., 2018). The core construct that was clearly defined by the review protocol and that was resilience-based planning in the recovery of post-disaster urban infrastructure had its conceptual boundaries, synonyms and operational dimensions.
3.2 Theory and main constructs
Resilience-based recovery planning was the driving construct in this review, which was defined as planning and decision-making procedures that explicitly considered resilience measures - robustness, recovery time, service continuity, redundancy, and adaptive capacity - when prioritising and sequencing recovery of urban infrastructure systems post-disaster. The concept of resilience was considered in the engineering and socio-technical directions (Bruneau et al., 2003; Cimellaro, 2016; Meerow et al., 2016). The review drew the line between:
· eliminating the outage through resiliency engineering, which focused on quick recovery and restoring functionality;
· system resilience, which dealt with interdependencies and network performance;
· adaptive and socio-institutional resilience, comprising the elements of governance, stakeholder involvement, and equity measures.
Examples of infrastructure systems that were covered in the scope included transportation networks (roads, bridges, transit), electric power systems, water supply and wastewater systems, communication networks, and healthcare facilities. The exclusion criteria in the review were limited to the hazard-only modelling studies that did not have implications towards recovery planning.
3.3 Eligibility Criteria
The studies were considered eligible to be included, as long as they focused on the post-disaster recovery planning in the urban infrastructure systems and directly associated the notion of resilience with planning, prioritisation, or restoration decision-making. Qualified studies included empirical studies of disasters and their case studies, validated simulation models, decision support tools, or applied policy models. Both quantitative and qualitative studies were taken into consideration, as long as they had actionable recovery-planning aspects.
Research was filtered out when it: 
(1) did not deal with recovery linkage in the context of urban resilience; 
(2) did not deal with operational decision frameworks but rather with conceptual resilience discussions; or
(3) did not deal with the recovery phase, but emergency response.
The peer-reviewed journal articles, conference proceedings, and institutional or multilateral reports were included in the review. Grey literature was selective in that it provided organised recovery systems or technical advice in line with the resilience-based planning principles. Only publications in the English language were used.
3.4 Sources and search strategy of information
An extensive search of the literature in the key multidisciplinary and engineering databases, such as Scopus, Web of Science Core Collection, and Engineering Village, was conducted. Additional searches were carried out in Google Scholar to find newly published or in-press articles. The existing authority structures and policy documents of bodies like the United Nations Office of Disaster Risk Reduction, especially those that were in line with the Sendai Framework of Disaster Risk Reduction, were examined to provide a context of governance and policy aspects.
The search strategy combined keywords across four domains using Boolean operators:
1. Resilience terms: “resilience-based,” “infrastructure resilience,” “urban resilience index,” “recovery curve,” “service continuity,” “adaptive capacity.”
2. Recovery planning terms: “post-disaster recovery,” “infrastructure restoration,” “reconstruction planning,” “build back better.”
3. Infrastructure system terms: “transportation network,” “power grid,” “water supply system,” “critical infrastructure,” “interdependent infrastructure.”
4. Decision/optimisation methods: “multi-criteria decision analysis,” “optimisation,” “simulation,” “resource allocation,” “network analytics,” “machine learning,” “reinforcement learning,” “decision support tool.”
3.5 Study Selection Process
All the retrieved records were exported into Microsoft Excel, where they were deduplicated. Screening of titles and abstracts were done using pre-set eligibility criteria. A full-text review was done to ensure inclusion of the potentially relevant studies.
3.6 Presentation and Analysis of Data
A data charting form based on structured data was constructed and pilot-tested using a portion of the included studies. The form was repeatedly honed so as to be in line with the objectives of the review. The information that was extracted included:
Author(s), year of study, country of study:
· Infrastructure sector(s) and type of disaster.
· Theoretical explanation of resilience.
· Resilience measures are employed quantitatively or qualitatively.
· Planning, optimisation or decision-support techniques used.
· Infrastructure interdependency treatment.
· Uncertainty modelling or situation analysis.
· Bayesian forms of governance and institutional environment.
· Equity factors (such as vulnerable populations, distributive justice, stakeholder participation).
· The requirements of data (GIS, asset inventories, social vulnerability indices, and real-time data).
· Major conclusions and limitations.
Systematic data extraction was done in order to promote uniformity and dependability of studies.
3.7 Data Analysis and Synthesis
The analysis was based on descriptive and thematic analysis. Published trends were summarised using descriptive numerical analysis based on the year, geographic area, type of infrastructure, disaster and methodology employed to identify and describe the trends.
The three research questions formed the thematic synthesis structure. First, definitions and methods of measuring resilience were classified, with comparison of engineering-based recovery curves, resilience indices, probabilistic loss-recovery measure, and adaptive capacity measure. Second, planning and optimisation strategies fell into multi-criteria decision analysis (MCDA), network-based restoration sequencing models, simulation-based strategies (agent-based or system dynamics), AI/ML prediction, reinforcement learning optimisation, and resource allocation scheduling models. Third, the issues of governance, equity, and data were synthesised, and the topics that appeared to be barriers to institutional coordination, interdependencies modelling, vulnerable communities’ treatment, quantification of uncertainty, and data constraints.
The results were displayed in the form of narrative synthesis with the help of table charts mapping the indicators of resilience to decision models and infrastructure sectors. It was also possible to create conceptual diagrams to depict the connection between resilience measurement, prioritisation frameworks, and governance factors.
3.8 Quality and Rigour Issues
Though scoping reviews were not usually characterised by formal risk-of-bias assessment, methodological features were recorded to show the degree of empirical validation. Descriptive appraisals of studies were made with respect to the use of real disaster case information, validated simulations, stakeholder engagement process, sensitivity analysis, or uncertainty modelling. This gave an idea of the maturity and strength of resilience-based recovery planning studies.
3.9 Ethical Considerations
The research used only secondary data, which was based on published literature and publicly available reports. There were no human subjects in this; consequently, there was no need to get ethical approval.
3.10 Methodological Limitations
The possible limitations were the possible language restriction to English publications as well as the potential underrepresentation of grey literature or recovery practices on the local scale, which were not reflected in indexed databases. Moreover, the field of AI-based optimisation research was changing rapidly, so there could be evidence that was not found by the time the search of the reviewed article was conducted.
3.11 Methodological Congruency with the Aim of the Study
This systematic and detailed approach assured overall mapping of resilience-based planning approaches that informed the post-disaster urban infrastructure recovery. The methodology met the goal and the research questions of the study and provided a systematic body of evidence to support resilience-based planning of infrastructure recovery by relying on engineering metrics, decision-support models, governance aspects, and equity dimensions.
4.0 Results
4.1 Overview of Included Studies
The generalised search yielded a diverse body of literature that covers the engineering, planning and infrastructure systems, and governance fields. After de‑duplication and eligibility verification, the corpus was made up of empirical case studies (such as earthquake and flood recovery research), simulation-based modelling projects, optimisation research, creation of decision support tools, and government and policy research. The majority of references are after 2015, which is why it reflects the increase in the rate of research activity in the world after the adoption of the Sendai Framework on Disaster Risk Reduction.
Geographically, most of the studies were found in East Asia, especially in China and Japan, in North America and Europe. Earthquakes, floods, and multi-hazard disruptions in urban settings were the most widely studied phenomena of disasters. Transportation networks (roads, bridges, transit systems), electric power systems and coupled transport-power configurations were most frequently researched by infrastructure areas. Water systems or communication systems were even less common in integrated recovery-optimisation literature, which indicates that this area is underrepresented in the available body of evidence.
Table 1: Evidence Map of Included Studies on Resilience-Based Post-Disaster Infrastructure Recovery
	Author(s), Year
	Sector Focus
	Disaster Type
	Resilience Operationalization
	Planning / Decision Method
	Interdependency Modeling
	Equity / Governance Dimension
	Data Basis
	Study Type

	Zhang et al., 2017
	Road-Bridge
	Earthquake
	Recovery time & network functionality
	Network optimization
	Yes
	Limited
	Simulation data
	Modeling

	Sun et al., 2020
	Multi-system
	Multi-hazard
	Performance-based recovery curves
	Policy-based stochastic model
	Yes
	Institutional coordination
	Probabilistic inputs
	Simulation

	Zhang et al., 2024
	Transport–Power
	Earthquake
	Weighted restoration time
	Scheduling optimization
	Yes
	Limited
	Network datasets
	Optimization

	Liu et al., 2024
	Transit
	Earthquake
	Service continuity index
	Restoration sequencing
	Partial
	Demand-based
	Flow data
	Simulation

	Rezvani et al., 2024
	Road Network
	Multi-scenario
	Scenario resilience index
	Index-based prioritisation
	No
	Risk-informed
	GIS + scenarios
	Quantitative

	Liang et al., 2025
	Infrastructure systems
	Earthquake
	Recovery performance metric
	Deep reinforcement learning
	Yes
	Limited
	Simulated
	AI model

	He & Cha, 2019
	Interdependent systems
	Multi-hazard
	Recovery payoff
	Game theory model
	Yes
	Institutional focus
	Analytical
	Theoretical

	Charles et al., 2022
	Built infrastructure
	Multi-disaster
	Resilience factors
	Systematic synthesis
	Indirect
	Stakeholder engagement
	Literature
	Review

	Shao & Xu, 2017
	Urban reconstruction
	Earthquake
	Policy resilience
	Regulatory analysis
	Indirect
	Strong governance
	Policy docs
	Case study

	Xu & Shao, 2020
	Urban planning
	Earthquake
	State-led resilience
	Institutional framework
	Indirect
	Governance-centered
	Policy review
	Case study

	Kanno et al., 2019
	Urban systems
	Earthquake
	Multi-system recovery
	Human-centered simulation
	Yes
	Limited
	Behavioral data
	Modeling

	Zhao et al., 2025
	Infrastructure systems
	Disaster scenarios
	Needs-based recovery
	Hypernetwork model
	Yes
	Resident-centered
	Demand data
	Computational

	Yang et al., 2025
	Urban infrastructure
	Flood
	PSR resilience index
	Catastrophe modeling
	Partial
	Limited
	Scenario data
	Analytical

	Zhai et al., 2023
	Seismic systems
	Earthquake
	Weighted loss-recovery index
	Resilience quantification
	No
	Limited
	Loss modeling
	Quantitative

	Greenal & Anilkumar, 2025
	Infrastructure recovery tools
	Multi-hazard
	Decision-support frameworks
	Scoping of DSS tools
	Varies
	Governance emphasis
	Literature
	Review

	Mohammadi et al., 2024
	Urban multi-risk
	Multi-hazard
	Multi-risk recovery metrics
	Integrated recovery planning
	Yes
	Equity discussed
	Mixed
	Review

	Zhang et al., 2021
	Urban system
	Various
	Multi-stage resilience
	Functionality modeling
	Indirect
	Pre-disaster focus
	Urban indicators
	Modeling

	He & Cha, 2022
	Interdependent systems
	Multi-hazard
	DRM frameworks
	Systematic review
	Yes
	Limited
	Literature
	Review

	Rezvani et al., 2023
	Urban resilience tools
	Multi-hazard
	GIS-enabled resilience
	Decision-support systems
	Partial
	Planning focus
	GIS-based
	Review

	Joo & Sinha, 2023
	Built infrastructure
	Multi-disaster
	Performance-based pathways
	Pathway selection model
	Yes
	Limited
	Simulation
	Modeling

	Zhai et al., 2024
	Recovery planning
	Post-disaster
	Prototypical projects
	Planning framework
	Indirect
	Action-oriented
	Conceptual
	Planning

	Mao & Liu, 2024
	Interdependent systems
	Multi-disaster
	Socioeconomic performance
	Restoration sequencing
	Yes
	Socioeconomic impact
	Scenario modeling
	Optimization

	Zhang et al., 2025
	Bridge networks
	Earthquake
	Resilience scheduling
	Uncertainty-based framework
	Yes
	Limited
	Probabilistic
	Optimization

	Yu et al., 2023
	Flood systems
	Flood
	Disaster-stage resilience
	Stage-based framework
	Partial
	Community focus
	Empirical + models
	Hybrid

	Dong et al., 2025
	Urban systems
	Multi-hazard
	City resilience index
	Metropolis assessment
	Indirect
	Strategic planning
	City data
	Assessment

	He, 2019
	Interdependent infrastructure
	Multi-hazard
	Community resilience
	Risk governance model
	Yes
	Planning integration
	Academic data
	Doctoral study

	Nazif et al., 2021
	Urban disaster management
	Multi-hazard
	Conceptual resilience
	Framework development
	Indirect
	Governance emphasis
	Literature
	Review

	Galderisi et al., 2022
	Disaster recovery reform
	Multi-hazard
	Policy resilience
	Institutional reform analysis
	Indirect
	Strong governance
	Policy analysis
	Chapter

	Mannakkara et al., 2018
	Built environment
	Post-disaster
	Build Back Better
	Reconstruction strategy
	Limited
	Sustainability focus
	Case studies
	Book

	Sharifi & Yamagata, 2018
	Urban planning
	Multi-hazard
	Resilience-oriented planning
	Planning framework
	Indirect
	Urban governance
	Theoretical
	Book chapter


4.2 Definitions and Measurement Approaches of Resilience
Throughout the literature, three major conceptualisations of resilience exist, including engineering resilience, system/network resilience and socio-institutional resilience. Engineering studies with an engineering focus put more emphasis on the functional loss and temporal fate of recovery, which is frequently operationalised through resilience curves that measure the area covered by functionality-time curves (Bruneau et al., 2003). Such quantitative measures as recovery time, service continuity metrics, robustness factors, and weighted loss-recovery metrics (Zhai et al., 2023) are often used.
System-based methods include interrelation and cascading failures. Indicatively, Zhang, Wang, and Nicholson (2017) simulated the resilience of road-bridge networks based on restoration sequencing, and Zhang, Han, et al. (2024) incorporated transportation and electric power networks into the timetable coordination models following earthquakes. The quantifications of dynamic resilience at the disaster stages have been progressively advanced by scenario-based resilience indices of road networks (Rezvani et al., 2024) and PSR-based flood resilience evolution indices (Yang et al., 2025).
An even smaller but growing category of studies assumes multi-, or adaptive-resilience views that incorporate pre-disaster urban functionality into post-disaster recovery outcomes (Zhang et al., 2021). These models highlight the significance of performance in the baseline infrastructure in the shaping of post-disaster recovery patterns and support the connection between mitigation investment and recovery pace.
Regardless of these methodological innovations, the measurement of resilience is still heterogeneous, and not much standardisation exists in infrastructure sectors. Measures tend to be industry-focused, thus making comparisons and cross-industry consolidation difficult.
4.3 Recovery Prioritisation Planning and Optimisation
The review has found five major types of planning and optimisation techniques to make resilience-based recovery decisions.
1. Models of Network-Based Restoration Sequencing
Graph theory and network analytics have been widely used in optimising restoration sequencing of transportation and interdependent infrastructure systems (Zhang et al., 2017; Liu et al., 2024). These models rank nodes or connections either by centrality measures, traffic- flow effects or cascading dependencies.
2. Multi-Criteria Decision Analysis (MCDA)
MCDA frameworks include the economic, technical and social criteria in the prioritisation, especially where it requires the contribution of stakeholders. These methods support easily visible trade-offs between cost, service coverage and recovery time, in spite of the fact that they are relatively rarely combined with dynamic system simulations.
3. Simulation and Policy-Based Models
Policy-driven simulation methodologies, system dynamics, and agent-based modelling assess the pathways of recovery in the presence of uncertainty (Sun et al., 2020). Models based on game theory solve coordination issues among the operators of the infrastructure (He & Cha, 2019).
4. Artificial Intelligence/Machine Learning and Reinforcement Learning
Emergent studies use machine learning and deep reinforcement learning to find optimal schedules of restorations in the face of uncertainty (Liang et al., 2025). These techniques show better computational performance, but usually require high-quality data input and complicated calibration.
5. Decision Support Tools and GIS-Based Systems
Some of the studies discuss the construction of GIS-based decision-support systems that combine asset management and disaster risk evaluation (Rezvani et al., 2023; Greenal and Anilkumar, 2025). These tools increase visualisation and engagement with the stakeholders, although the incorporation of resilience-metrics varies.
Transportation and power systems in general control the optimisation research, but health and communication infrastructure are underrepresented.
4.4 Equity, Governance and Data Challenge
The governance systems have a significant impact on the recovery. The focus of studies analysing the reconstruction planning of Chinese post-disaster recovery is the importance of centralised state coordination in fast-tracking the restoration of large-scale infrastructure (Shao and Xu, 2017; Xu and Shao, 2020). However, these centralised models are of concern because of the participation of the community and localisation of adaptive capacity.
The aspect of equity is not consistently discussed. Although other frameworks consider the social vulnerability indicators and end-user views (Charles et al., 2022; Zhao et al., 2025), the majority of optimisation models are based on system-level efficiency, as opposed to distributive justice. The vulnerable people are typically not addressed directly using social-equity measures but rather indirectly using demand-weighted prioritisation.
The problem of interdependency appears. Research always emphasises the cascading failures of the transportation, power, and communication systems (Kanno et al., 2019; He and Cha, 2022). However, multi-sector modelling (in its entirety) is still computationally expensive and data-heavy.
The literature is filled with data constraints, including incomplete inventories of assets, the unavailability of data for real-time damage assessment, and the uncertainty of the post-disaster operation performance parameters. Probabilistic modelling Scenario-driven methods have tried to cope with this uncertainty, but there are no standardised data-sharing frameworks.
4.5 Urban Infrastructure Recovery Framework Interpretation
Figure 1 presents the conceptual framework for resilience-based planning in post-disaster urban infrastructure recovery. 
The schematic shows the pathway between disaster-induced disruption and resilient recovery results through a successive sequence of interlinked layers, (1) disaster effects, including natural hazards, infrastructure damages, and service interruptions, (2) resilience measurement, including recovery time, service continuity, robustness, adaptability, and resilience, (3) planning and decision-support approaches, including network optimisation, multi-criteria decision analysis, simulation modelling, artificial intelligence, and machine learning, and (4) recovery prioritisation plans, including restoration sequencing, infrastructure ranking, All the parts of the framework are penetrated by cross-cutting dimensions, that is, governance and policy, equity of vulnerable groups, the interdependence of infrastructures, uncertainty and risk, and the problem of data and information. The model pre-empts the generation of resilience measurement with practical decision-making processes to achieve adaptive, just and build back better recovery.
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Figure 1: conceptual framework for resilience-based planning in post-disaster urban infrastructure recovery
The conceptual framework is a whole systems architecture meant to operationalise resilience in the post-disaster urban infrastructure recovery process. Unlike traditional recovery models that view infrastructure recovery as a staged engineering process, this model makes resilience a quantifiable, decision-informed and governance-informed process that directly connects performance measurement to prioritisation processes and equity-based results.
On the basic level, disaster disruption triggers quantifiable reductions in the infrastructure functionality, service continuity, and network performance. The framework transforms resilience, an abstract policy goal, by quantifying the notion of resilience in the form of recovery time, robustness, adaptability and composite indices of resilience, which are operational metrics enshrined in recovery analytics. This level of measurement is the analytical intermediary between the physical damage measurement and structured decision-making.
The decision support layer incorporates the latest optimisation methods, which include network-based restoration models, multi-criteria decision analysis, simulation models, and artificial intelligence-based solutions. These tools transform the resilience metrics into priorities of recovery activities in uncertain and resource-constrained conditions. Notably, the framework recognises infrastructure interdependencies, and recovery decisions in one system (electricity) can have a major impact on others (such as water supply, healthcare or transport). This interdependency-conscious modelling is an indication of the growing complexity of modern city systems.
The recovery prioritisation layer converts analytical output into sequencing strategies, infrastructure ranking mechanisms and allocation models. This step will guarantee that theoretical resilience tests are used to make real-life decisions in reconstruction. The framework will facilitate effective recovery by organising recovery pathways and reducing systemic cascading failures.
More importantly, the model entrenches cross-cutting governance and equity. Institutional coordination contributes to the feasibility of implementation; vulnerability-sensitive prioritisation increases distributive justice; uncertainty modelling increases robustness in incomplete information, and data infrastructure supports evidence-based implementation. Such contextual factors are not marginal, but they have a structural foundation, and they affect all levels of resiliency-based planning.
The last result layer focuses less on the downtime reduction but on adaptive and future-oriented recovery in accordance with the principles of build back better. This is a paradigm change towards restoring pre-disaster conditions to improving performance of the systems and lower the vulnerability in the long run. The framework thus operationalises the construct of resilience as a multi-dimensional, dynamic, and equity-conscious planning construct as opposed to a metric.
The figure, in its turn, conceptualises resilience-based recovery as a closed-loop system, which connects the assessment of disruption, quantitative measure of resilience, computational decision support, prioritisation of operational division, and adaptive urban performance in a governance-sensitive environment.
5.0 Discussion
5.1 Advancing Conceptual Integration Between Resilience and Planning
The results show significant progress in the quantification of infrastructure resilience, at the same time illustrating long-term disjointure between the quantification of resilience and operational recovery planning. Recovery curves based on engineering provide quantifiable performance measures, but their integration in prioritisation models exhibits a high degree of variation in various sectors. To fill this gap, it is required that standardised resilience metrics should be implemented to be easily integrated into optimisation and decision-support applications in various infrastructure sectors.
The bias in the research towards transportation and power networks shows that the two sectors are sufficiently mature in terms of methodological aspects, but water, communication and healthcare infrastructures are less ingrained in multi-sector recovery models. Total resilience-based planning should therefore consider cross-sector interdependencies and not the optimisation of individual networks in isolation.

5.2 Equity-Sensitive Recovery Planning  
The main gap that is found to be critical in the literature is the lack of distributive equity in the restoration optimisation process. Despite the existence of social vulnerability frameworks (Cutter et al., 2010), not many resilience-based recovery frameworks explicitly simulate recovery interventions based on demographic or socioeconomic differences. The inclusion of equity-adjusted resilience indices and participatory decision-making processes in future research is important to make sure that the recovery planning is consistent with a wider range of social justice goals.
5.3 Governance and Institutional Co-ordination
As highlighted by the review, resilience-based recovery is a technical as well as an institutional problem. Centralised forms of governance may be quicker to help in the reconstruction, but they may also end up marginalising the participation of the community. On the contrary, decentralised systems could lead to better inclusivity, but with coordination limitations. This means that the development of resilience-based planning has to incorporate hybrid forms of governance that integrate both strong institutional coordination strategies and stakeholder engagement strategies.
5.4 Methodological Innovations and Future Directions
It has been demonstrated that emerging AI-based optimisation and reinforcement learning strategies would enhance recovery scheduling under uncertainty. However, the models require strong datasets and algorithmic decision-making transparency. Adaptive recovery planning can also be enhanced with the help of the integration of real-time data streams, digital twins, and GIS-enabled platforms.
Studies in the future should focus on:
1. Interdependent infrastructure system modelling that is cross-sectoral.  
2. Measurement Standardisation of resilience to allow comparison.  
3. Definitive inclusion of equity indicators into optimisation models.  
4. Creation of free data infrastructures to assist with simulation validation.
6.0 Summary of Findings
This scoping review identified the resilience-based planning strategies used purposefully in the urban infrastructure recovery after disasters in a systematic manner. Results show that quantitative measurements of resilience, including recovery time, functionality curves, resilience indices and network performance metrics, are mostly used to define resilience. Some of the most common areas studied are transportation and power systems, most commonly studied through the network optimisation and interdependency frameworks.
Such tools like multi-criteria decision-making, simulation modelling, game theory, and artificial intelligence are advanced forms of decision support and have come to be applied more and more to prioritise the restoration of infrastructure. However, the process of integration among infrastructure sectors is limited, specifically in the areas of water, healthcare, and communication.
There is a lot of discussion on governance and institutional coordination, and this is mostly related to policy-led reconstruction situations. Nonetheless, the equity factors and explicit vulnerability-based prioritisation are underrepresented in computational recovery models. Limitations and difficulties encountered by the data and uncertainty modelling are always highlighted in the literature.
In general, the literature indicates high methodological progress but shows a lack of uniformity regarding the incorporation of resilience measurement, planning instruments, governance frameworks, and the equity agenda.
7.0 Conclusion of Findings
This scoping review reveals that resilience-based planning on urban infrastructure recovery after disasters is a dynamic, interdisciplinary domain with considerable developments in quantitative modelling, and an ongoing lack of cohesion between governance and equity-sensitive prioritisation. Enhancing compatibility between resilience indicators, decision-support systems, and participatory governance designs will play a critical role in attaining adaptive, fair, and systematic recovery within cities that are becoming hazard-prone.
8.0 Recommendations  
Based on the results, the following recommendations are made:  
1. Equivalent resilience measures in the infra sectors to improve interoperability and compare.  
2. Incorporate system modelling interdependency into recovery prioritisation systems.  
3. Include equity indicators in optimisation models, including social vulnerability indices.  
4. Enhance data infrastructure, such as real-time damage measurement systems, and common resilience data.  
5. Integrate governance systems and computational models to make sure that they are applied in practice.  
6. Encourage validation by real disaster case studies as opposed to only using simulated data.  
7. Promote cross-sectoral collaboration between engineers, planners, policymakers and data scientists.
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