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Integrating Climate Resilience into Construction Project Management: A Global Narrative Review of Frameworks, Policies, and Implementation Challenges

Abstract
Climate change increases the risk of floods, heatwaves, droughts, and sea-level rise for infrastructure investments. These dangers disrupt supplies, delay schedules, and raise costs, demonstrating that standard Construction Project Management (CPM)—focused on cost, scope, and time—must now include climate resilience. However, previous studies have not synthesized how resilience frameworks and policies translate into project management practices, leaving a gap between theory and implementation. This narrative study summarizes global frameworks, policy instruments, and implementation issues in integrating climate resilience into CPM. A structured literature search was conducted across Scopus, Web of Science, ScienceDirect, and Google Scholar using relevant keywords. Thematic analysis identified conceptual frameworks, governance mechanisms, and practice barriers from 2000 to 2025. Four main findings emerged: (1) existing frameworks such as the Sendai Framework, IPCC AR6 pathways, ISO 14090/14091, World Bank CSIF, and FIDIC guidance support adaptive project management; (2) policy deficiencies persist due to weak enforcement and lack of resilience KPIs; (3) barriers include financial disincentives, limited climatic data, and uneven capacity; and (4) emerging best practices suggest lifecycle alignment, digital integration (BIM–GIS–twins), and outcome-based procurement. Integrating resilience throughout the project lifecycle can shift construction management from reactive hardening to proactive, climate-informed infrastructure delivery. 
1. Introduction 
1.1 Background and Rationale
Climate resilience is the ability of systems, communities, and infrastructure to foresee, prepare for, and recover from climate shocks while sustaining vital functions. Resilience in construction means buildings, roads, bridges, and related facilities can withstand, adapt to, and recover from extreme weather. However, Construction Project Management (CPM) uses the “triple constraint” of cost, scope, and time to plan, coordinate, and control a project from start to finish. Project success depends on these criteria, but climate change is revealing that efficiency-optimized projects are often unprepared for climate-induced interruptions[1]. 

Floods, heatwaves, droughts, and sea-level rise disrupt supply systems, damage materials, and delay construction projects worldwide. Extreme rain can undermine foundations and substructures, while heat stress diminishes labor productivity and concrete curing. These risks increase project costs and endanger infrastructure and public safety. As these risks become more apparent, project management must shift to climate-informed, resilience-based methods.
Thus, CPM must incorporate climate resilience for sustainable, durable, and climate-proof infrastructure. Project managers can anticipate risks, design adaptive strategies, and preserve infrastructure assets. Integration facilitates the worldwide shift to low-carbon, risk-informed development and international sustainability goals. Resilience in the project lifecycle turns reactive project management into proactive, protecting investments from climate change[2].
1.2 Research Gap
There is no synthesis on how resilience principles are integrated into building project management despite growing climate adaption research. Many resilience integration studies ignore management, policy, and institutional aspects in favor of engineering or architectural answers such materials innovation, green building design, and structural retrofitting. Thus, the relationship between project management and climate adaptation is poorly understood. This review fills that gap by unifying information and suggesting practical ways to integrate theory, policy, and implementation.
1.3 Aim and Objectives
Aim: To review and synthesize existing frameworks, policies, and implementation challenges related to integrating climate resilience into construction project management.
Objectives:
1. Identify and describe major frameworks guiding climate-resilient construction.
2. Examine global and regional policy instruments that shape resilience integration.
3. Analyze practical challenges and barriers faced during implementation.
4. Recommend pathways for strengthening resilience within project management practices.
1.4 Significance of the Review
Academic discourse is linked to policy relevance and project delivery in this review. It promotes SDGs 9, 11, and 13 on resilient infrastructure, sustainable cities, and climate action. Synthesizing fragmented literature, the paper provides a conceptual foundation for practitioners, educators, and policymakers to embed climate resilience into construction project management frameworks to improve sustainability and adaptive capacity in the built environment.
2. Methodology 
2.1 Narrative Review Design
A narrative review was used to synthesize climate resilience and building project management literature. Because environmental science, engineering, project management, and governance are interrelated and policy-driven, this method was chosen. Unlike systematic reviews with rigid inclusion protocols and quantitative meta-analysis, narrative reviews can qualitatively synthesize conceptual frameworks, policy instruments, and practice-based experiences across disciplines. This flexibility allows the inclusion of gray literature, institutional reports, and global policy documents, which are essential to resilience integration but generally excluded from systematic assessments. The method provides a holistic view of how construction management frames, operationalizes, and challenges climate resilience concepts.
2.2 Literature Search
A controlled but flexible literature search was conducted in four major academic databases—Scopus, Web of Science, ScienceDirect, and Google Scholar—to cover academic and professional sources. The search included “climate resilience,” “construction project management,” “infrastructure adaptation,” “resilient frameworks,” and “policy integration.” Results were refined using Boolean operators (“AND,” “OR”). The timeline was constrained to January 2000–September 2025 to reflect climate resilience and project management improvements since the Kyoto Protocol, Paris Agreement, and Sendai Framework. Key article reference lists were also examined for additional relevant publications.
2.3 Inclusion and Exclusion Criteria
Peer-reviewed journal publications, institutional reports, policy briefs, and framework documents on building, infrastructure resilience, or climate adaption management were reviewed. Studies that were authored in languages other than English, focused on unrelated sectors like agriculture or health, or explored climate change consequences without tying them to project management or infrastructure contexts were removed. This kept the review on climate resilience integrated management, policy, and strategy.
To enhance transparency, the literature selection process was documented in sequential stages. A total of 742 publications were initially identified from Scopus, Web of Science, ScienceDirect, and Google Scholar. After the removal of 186 duplicates, 556 records were screened by title and abstract for relevance to construction project management and climate resilience. Of these, 317 records were excluded for not meeting the inclusion criteria, such as focusing on unrelated sectors or lacking project management context. The remaining 239 articles underwent full-text review, resulting in 126 sources—comprising peer-reviewed papers, institutional reports, and policy documents—being included in the final synthesis. This structured yet flexible process aligns with best practices for narrative reviews while accommodating interdisciplinary and gray literature sources.

3.4 Data Synthesis
Extracted data were analyzed through thematic synthesis. Each source was reviewed to identify recurring patterns, conceptual models, and policy linkages. The findings were organized into three major thematic clusters:
1. Conceptual and Framework-based Insights – understanding theoretical underpinnings and resilience models.
2. Policy and Governance Dimensions – exploring institutional mechanisms and regulatory instruments.
3. Implementation and Practice Barriers – identifying constraints, knowledge gaps, and enabling factors for integrating resilience into construction project management.
This structured thematic organization provided a coherent framework for discussing findings in subsequent sections.
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4. Conceptual Foundations: Climate Resilience in Construction 
4.1 Defining Climate Resilience
“Climate resilience” evolved from “climate adaptation.” Elevating equipment and upsizing drains were examples of climate adaptation. Resilience means assets, organizations, and communities can anticipate, absorb, recover from, and adapt to climatic shocks and long-term pressures while maintaining service levels. Its meaning comes from two complementary traditions. Ecological resilience prioritizes diversity, redundancy, and rearrangement to absorb disturbance without changing qualitatively. Engineering resilience prioritizes robustness, dependability, and control to speed up system recovery after a disturbance. Ecological principles influence landscape-scale and nature-based hazard-reduction strategies (e.g., riparian buffers, green roofs), while engineering principles guide asset-level performance. In this view, resilience is a performance attribute that must be specified, procured, tested, and monitored throughout the project[3].
4.2 The Construction Project Life Cycle Perspective
The standard project life cycle phases work best for embedding resilience: 
• Initiation: Conduct an early climate risk screen to identify risks (heat, flood, wind, fire, sea-level rise, drought) and exposure pathways. In the project charter and business case, define resilience outcomes (e.g., maximum downtime, safety thresholds) and use scenario-based assumptions. Site selection, land-use compatibility, and criticality rating matter now.
• Planning: Translate dangers into adaptive design and acceptability criteria. Whole-life costing can analyze staged (pathway) options, and specify green, durable materials for non-stationary conditions. Integrate hazard layers into BIM–GIS models to assess drainage, shading, alignment, and emergency access. Create weather-aware schedules with seasonal buffers and resilience KPIs in the quality plan[4]. 

• Manage construction in varying climates. Real-time monitoring (e.g., river levels, heat index, wind alerts) can trigger technique adjustments, temporary works protection, or resequencing. Ensure worker wellness (heat/air-quality protocols), supply chain security (essential spares, alternate routes), and change decision learning. Contracts should specify extreme-weather delays and monitoring data sharing. 
• Closure: Test resilience by commissioning under stress conditions (e.g., floodgate operation, backup power switchover). Provide an adaptable digital twin with hazard layers, trigger thresholds, and O&M procedures. Learn what succeeded, what failed, and which triggers or thresholds need adjusting to improve resilience in future initiatives[5].
A visual summary of resilience integration across project phases is shown in Figure 1, highlighting how key inputs (hazards and climate scenarios), tools (BIM–GIS, stress tests), and outputs (resilience requirements, KPIs, commissioning tests, and lessons learned) align throughout the lifecycle to support adaptive management.
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Figure 1. Resilience Integration Points in the Construction Project Lifecycle. Diagram showing how climate resilience is embedded across project phases—linking inputs (hazards, scenarios), tools (BIM–GIS, stress tests), and outputs (requirements, KPIs, commissioning tests) within a continuous adaptive management cycle.

4.3 Systems Thinking and the Resilience Lens
Construction projects are socio-technical systems integrated in utilities, transport, supply chains, ecosystems, finance, and communities. Under climate change, these networks are complex adaptive systems with feedbacks, thresholds, and emergent behavior, thus linear, single-hazard assumptions are inappropriate. Systems thinking redefines success from “build to spec” to “sustain function under stress.” Following are three resilience-design traits: 
• Flexible designs: Adaptable to changing hazards (e.g., foundations ready for floodwall raising, roof structures pre-engineered for shading). Planning uses adaption pathways with threshold-based decision triggers.
• Redundancy: Planning for crucial capacity duplication (e.g., multiple power feeds, parallel drainage pathways, backup communications) to reduce single points of failure and recovery time. 

• Adaptive management: Continuous monitoring, learning, and adjustment cycles link construction data and early operations to future interventions. Contracts, governance, and budgets should fund monitoring, data ownership, and design upgrades. 
Lifecycle alignment and systems thinking turn climate resilience into measurable KPIs, assured at gates, verified at commissioning, and perpetuated through informed operations (not just a design gesture)[6,7].

5. Review of Climate Resilience Frameworks 
5.1 Overview of Existing Frameworks
Sendai Framework for Disaster Risk Reduction—UNDRR. Hazard, exposure, and susceptibility cause disaster risk, therefore the Sendai Framework emphasizes prevention, preparedness, and “build back better.” Its national-to-local policy levers, early-warning priorities, and governance principles can inform infrastructure and construction sector guidance. 
AR6 IPCC Adaptation and Resilience Pathways. In AR6, climate impacts, risks, and adaptation alternatives are consolidated to promote risk-informed development and adaptation pathways (time-phased decisions triggered by thresholds). Avoiding maladaptation, mainstreaming equality and inclusion, and evaluating effectiveness across uncertainty ranges are crucial for project acceptance criteria and whole-life decision-making.
World Bank Climate-Smart Infrastructure Framework. CSIF implements climate risk screening and resilience integration across multilateral lender project cycles. It includes hazard screening, economic analysis (benefit–cost of avoided losses), safeguards, and performance indicators. It provides step-by-step checklists and due-diligence expectations for procurement, supervision, and M&E in construction projects[8,9]. 

FIDIC Infrastructure Management Resilience Guidance. FIDIC clarifies responsibilities, risk allocation, information requirements, and lifecycle obligations for owners, engineers, and contractors in contract, design management, and asset management. It enhances standard forms by emphasizing resilience and collaboration under unpredictability. 
Climate Adaptation ISO 14090/14091. ISO 14090 governs climate adaptation in organizations and projects, while ISO 14091 addresses vulnerability, impacts, and risk assessment. They support project management artefacts including charters, risk registers, design bases, and change control by encouraging systematic documentation, traceable assumptions, and iterative review[10].
5.2 Application in Project Management Context
Identify and prioritize risks. 
• Translation method: According to Sendai and ISO 14091, climatic risks, exposure pathways, and susceptible functions are identified and fed into the risk register and requirements traceability matrix. The IPCC AR6 emphasis on compounding risks (e.g., heat + power outages) supports scenario sets above single-point estimates.
• Actions taken by PM: Bow ties should include hazard-specific causes and effects, quantify risk reduction from design possibilities, and incorporate no-regrets and low-regrets measures when uncertainty is significant[11]. 


Flexible scheduling and backup. 
• AR6 adaptation routes guide stage-gated options, prompting design upgrades or operational alterations based on triggers like river level and temperature days. Seasonal/hazard screening by CSIF helps 4D schedules avoid high-risk windows and plan recovery. 
Create weather calendars, resequencing rules, and buffer logic in the baseline program. Define force majeure/data-sharing clauses (FIDIC) to manage monitored thresholds[12]. 
Including stakeholders in resilience planning. 
• Sendai and AR6 emphasize equity, inclusivity, and local knowledge. FIDIC emphasizes owner–engineer–contractor–operators' roles and communications, while CSIF links involvement to safeguards and social performance. 
• PM actions: Map vulnerable user groups, highlight important interdependencies (utilities, emergency services), and include co-benefits (shade, flood amenity) into value narratives for social license[13]. 

Monitoring and assessing resilience. 
• CSIF and ISO 14090 encourage documentation, indications, and iterative review. AR6 highlights baseline adjustment effectiveness tracking. 
• PM actions: Establish resilience KPIs (e.g., design event downtime, 80% recovery time), commission under stress, and provide digital twins with thresholds for continual decision-making[14].
5.3 Comparative Analysis
Table 1 : Analysis of Key Global Climate Resilience and Adaptation Frameworks and their Applicability in CPM
	Framework
	Key Components
	Applicability in CPM
	Limitations

	UNDRR Sendai Framework
	Governance, prevention, preparedness, build-back-better, early warning
	Aligns project objectives with national/local DRR policy; strengthens stakeholder engagement and emergency coordination
	High-level; requires translation into project-specific tools and KPIs[15]

	IPCC AR6 Pathways
	Risk synthesis, adaptation options, pathways, maladaptation avoidance, equity
	Grounds hazard scenarios and adaptive pathways; informs acceptance criteria and trigger points
	Not a prescriptive PM guide; needs operationalization in schedules/contracts[16]

	World Bank CSIF
	Screening, economic appraisal of resilience, safeguards, indicators
	Clear stepwise integration across project cycle, procurement, supervision, and M&E
	Geared to development-bank contexts; may feel heavy for small private projects[17]

	FIDIC Resilience Guidance
	Roles, responsibilities, risk allocation, collaboration, information requirements
	Embeds resilience into contract strategy, change control, and data sharing; supports dispute-avoidance
	Dependent on contract adoption and client willingness to value outcomes

	ISO 14090/14091
	Principles of adaptation; VIRA methods; documentation and review
	Direct fit with risk registers, design basis reports, and gate reviews; promotes traceability
	Requires technical capacity, climate data access, and training to implement[18]


5.4 Emerging Research and Practice Trends
Digitizing climate risk mapping. BIM–GIS overlays evaluate alignments and detail protection systems using flood, heat, wildfire, and wind information. Projects can monitor thresholds (river stage, wet-bulb globe temperature) and automate notifications for schedule rescheduling or temporary activities with digital twins and IoT[19,20]. 

[bookmark: _GoBack]Scheduling scenarios and adaptive paths. Leading teams encode decision points (e.g., after two 1-in-20-year floods) that unleash design or operational adjustments instead of static baselines. This manages upfront CAPEX and allows for future risk rises.
Natural, low-carbon solutions. The trend is toward nature-based solutions (NBS) such bioswales, living shorelines, and urban shading, which provide cooling, biodiversity, and water quality. Materials and passive design reduce embodied and operational carbon. Synergies (e.g., passive survivability) and trade-offs (durability vs. footprint) are increasingly considered when optimizing the carbon–resilience nexus[21]. 

Resilience KPI standardization. Owners can specify outcome-based specifications and pay for verified performance as research converges on measurable, comparable metrics including service continuity under stress, time-to-recover, and lifecycle cost of avoided losses. 
A policy and science backbone (Sendai, IPCC), process and assurance methods (ISO, CSIF), contractual levers (FIDIC), and digital/technical enablers (BIM–GIS–twins) form a coherent scaffold for construction project management artefacts, gates, and KPIs[22]. Figure 2 presents a conceptual framework illustrating how international resilience frameworks, national policy instruments, and on-the-ground implementation barriers interact across the construction project lifecycle. It shows how global standards influence local action while identifying points where systemic barriers hinder effective integration.


[image: ]
Fig 2: Conceptual Framework Linking Global Frameworks, Policy Instruments, and Implementation Barriers Across the Project Lifecycle.  Conceptual framework illustrating the interaction between global frameworks (Sendai Framework, ISO 14090/14091, IPCC AR6), policy instruments, and implementation barriers throughout the construction project lifecycle (initiation, planning, execution, closure). Arrows depict top-down influence from international standards to project-level implementation, with feedback loops representing lessons learned and adaptive governance.


6. Policy and Institutional Frameworks
6.1 International and Regional Policy Context
Paris Agreement (2015). National Adaptation Plans and adaptation communications require governments to build resilience into infrastructure pipelines, despite the Agreement's mitigation priority. Construction PMs are increasingly expected to screen and disclose upstream resilience in public works and state-backed projects. 
Sendai Framework for DRR (2015–2030). Sendai emphasizes prevention, governance, investment, and preparedness in disaster risk management. This promotes risk-informed land-use, rules, and standards and “build back better.” Sendai enables hazard-inclusive feasibility, emergency coordination plans, and project-close-out post-event learning loops for project teams.
Goals for Sustainable Development. SDGs 9–13 link resilient infrastructure, safe and resilient cities, and climate action. Resilience KPIs (service continuity, time-to-recover) can be bid as outcome metrics for public funders who require SDG mapping[23].

Region-wide efforts. Based on focus: 
• African Union – Climate Resilient Infrastructure Initiative (CRII): Aims to climate-proof transboundary transport, power, and water assets through regional standards, corridor-level risk screening, and blended finance[24].
• The European Green Deal integrates adaptation and climate-proofing into EU funding, taxonomy, and procurement, requiring climate risk assessment and life-cycle perspectives across member states[25].

6.2 National and Sectoral Policies
Nigerian National Building Code (2023). Updates improve environmental sustainability and reference performance-based design. Progressive clients are requesting climate risk narratives in design basis studies and including flood/heat factors into siting and drainage requirements. State-level adoption and enforcement vary. 
UK Construction 2025 Strategy and successors. UK policy recommends low-carbon, productive, and resilient delivery, supported by the National Infrastructure Commission and Environment Agency. Planning approval and public procurement increasingly include climate change allowances for flood design, whole-life carbon assessment, and resilience appraisals.
ISC framework for Australia. The ISC rating incorporates resilience, climate risk assessment, and nature-based solutions into design, construction, and operations. State agencies demand ISC/ISCA or comparable ratings on significant works, establishing resilience initiative tender evaluation points and delivery monitoring. 

Sectoral regulators (water, transport, energy) offer asset-specific climate guidance (e.g., riverine flood regulations, heat stress thresholds, wildfire setbacks) that project teams must transform into acceptance criteria and commissioning tests.
6.3 Institutional Roles
Government ministries and regulators define norms, planning policies, and fiscal signals (risk-based grant eligibility). Development banks and public financiers (MDBs, DFIs, sovereign funds) require climate screening, economic appraisal of avoided losses, and resilience M&E, defining procurement and monitoring. Engineers' councils and contractors' federations publish practice notes, competency frameworks, and CPD requirements, driving industry adoption. 
Enforcement is patchy, especially in subnational areas with limited inspection resources. Duplication and gaps exist in resilience duties spanning planning, environment, public works, and emergency management. Failure to commission data, monitor results, and share lessons gained hinders knowledge transfer from completed projects to new pipelines.

6.4 Policy Gaps and Opportunities
Gaps. 
• Contracts sometimes lack climate risk assessment requirements, discouraging adaptive design or tiered routes.
• Limited tax/financing incentives for durable, low-carbon, and heat-/flood-resilient materials restrict market transition. 

• Standardized KPIs: Lack of common resilience measurements (e.g., permitted downtime) hinders verification and outcome-based remuneration[26]. 
Opportunities. 
• Green and resilience finance: Sovereign green bonds, blended finance, and parametric insurance can reduce project risks and minimize financing costs. 
• Rating and certification systems: Adopting ISC, Envision, CEEQUAL/BREEAM Infrastructure, or RELi links policy goals to auditable project deliverables and continual improvement. 
• Data and digital integration: Open, machine-readable national hazard datasets connected to BIM-GIS standards optimize screening and M&E, promoting equity and market access. 
• FIDIC-style model clauses for data sharing, threshold triggers, and adaptive choices can match owner-contractor incentives with resilience results. 
Overall, clear objectives, verifiable KPIs, and finance-linked incentives can move resilience from a policy ideal into real performance in construction project scopes, schedules, costs, and commissioning[27].

7. Implementation Challenges and Barriers 
7.1 Technical and Data Limitations

Locally downscaled climatic data for intensity–duration–frequency (IDF) curves, compound flooding, high heat, and wildfire risk is scarce in many studies. Designers extrapolate from previous data despite non-stationarity, mismatching design thresholds and future stressors. Few teams perform multi-hazard stress testing, propagate uncertainty, or calculate avoided-loss benefits for competing solutions. Spreadsheet overlays on BIM models are used to circumvent tooling gaps that prevent mainstream design platforms and codes from integrating climate projections or adaptation pathways. Resilience features can be underspecified, expensive, and hard to commission without consistent data schemas, hazard layers, and verification methods[28].

7.2 Institutional and Governance Barriers
Even with high-level promises, climate, planning, public works, and building authorities lack policy coherence. Tender requirements and inspection processes vary due to conflicting or silent norms. Corruption and project mismanagement encourage lowest-first-cost, scope-cutting, and poor materials while avoiding honest risk appraisal. Fragmented requirements imply no single authority owns resilience performance over the asset lifespan, thus monitoring data and lessons learned seldom affect future projects or code upgrades.
7.3 Economic and Financial Constraints
While budgets are annual and capital-biased, resilience benefits society over long time and reduces disruption, so project sponsors may view it as cost-inflating. Traditional appraisals undervalue health, productivity, and biodiversity co-benefits and discount potential losses. Municipalities and SMEs have limited access to resilience bonds, concessional/blended finance, and parametric insurance. Without explicit KPIs or payment methods related to verified resilience, contractors struggle to price uncertainty and assume risk for performance-based outcomes.
7.4 Human Capacity and Cultural Factors
Many project managers, site supervisors, and estimators have limited experience to adaptation routes, nature-based solutions, or commissioning under stress related to climate risk. Historical design values and deterministic safety considerations dominate professional education, not deep uncertainty or adaptive management. Data gathering, stakeholder involvement, and post-project learning—essential to resilient practice—are challenging to prioritize due to organizational incentives for short-term delivery and milestone compliance.
7.5 Case Illustrations (brief)
• Flood-resistant home in Nigeria river basin. A housing project employed bioswales and permeable pavements to improve key services. Building a shared hazard layer with the planning office and agreeing on storm event commissioning tests helped overcome delays caused by missing local IDF curves and uneven municipal drainage regulations.
• Rehabilitating tropical coastal roads. Designers used raised carriageways, breakwaters, and mangrove restoration. Nature-based solutions were hard to appraise alongside concrete infrastructure in procurement. Contractors could propose innovative mixes with tide gauges and incident logs under a hybrid performance clause (maximum closure hours/year)[29].


7.6 Summary 
Table 2 : Mitigating Technical, Institutional, Financial, and Human Barriers to Project Resilience
	Challenge Type
	Description
	Potential Mitigation

	Technical
	Sparse local projections; limited multi-hazard modeling; tools not integrating future climates
	Invest in open hazard datasets and downscaling; standard BIM–GIS schemas; require stress-test reports at gates; pilot digital twins for threshold monitoring[30]

	Institutional
	Policy fragmentation; inconsistent codes; weak enforcement; corruption risks
	Establish cross-sector resilience taskforces; align planning, building, and public-works specs; publish model resilience KPIs; strengthen procurement transparency and audits[31]

	Financial
	High perceived CAPEX; benefits diffuse/long-term; limited instruments
	Use whole-life cost and avoided-loss valuation; tie payments to verified outcomes; expand resilience bonds, blended finance, and parametric insurance options[32]

	Human
	Limited climate literacy; short-termism; little post-project learning
	Mandatory CPD on climate PM; integrate adaptation pathways into curricula; require lessons-learned and M&E artifacts at close-out; create practitioner communities of practice[33]


Bottom line: Technical data gaps, fragmented governance, finance frictions, and uneven skills reinforce barriers. Projects that overcome these challenges connect trustworthy hazard data, outcome-based procurement, and adaptive governance to provide, measure, and enhance resilience throughout the asset's life.
8. Pathways for Integrating Climate Resilience into CPM 
8.1 Embedding Resilience in Project Governance
Resilience Governance Models should include climate goals from inception to handover. List climate hazards and scenarios that impact resilience outcomes (e.g., permissible downtime, recovery time, safe-to-operate criteria) at project charter stage. Bidders must submit a Resilience Integration Plan containing hazard assumptions, design options, seasonal scheduling, monitoring plan, and commissioning under stress. Score bids on outcome-based KPIs, not inputs. Evaluation should consider hazard/scenario justification robustness, adaptive option and trigger point alignment, whole-life value and averted losses, and delivery team competency (training, past performance, supply-chain preparedness). Complete a resilience checklist at each stage-gate (data sources validated, KPIs traceable to design, stress tests conducted, operations triggers established). A Resilience Sponsor on the project board should oversee data, threshold, and change control decisions[34].
8.2 Tools and Methods
BIM/GIS climate risk screening. Georeference BIM models and overlay flood, heat, wind, wildfire, and landslide layers in a CDE. Use clash rules and rule-based checks (e.g., minimum freeboard, equipment elevations, egress under inundation) and 4D/5D views to assess seasonal sequences and protection cost implications. 
Resilience-enhancing LCC. LCC should contain expected annual damage/loss (EAD) under changing dangers, downtime costs (service disruption, user delay), and co-benefits. Compare stepwise adaption pathways (do-now/upgrade-later) to major up-front solutions; report avoided loss net present value and flexibility value.
Planning scenarios and adaptive management. River stage, heat degree-days, exceedance frequencies, and preset actions (temporary works, equipment relocation, capacity increases) should be encoded. Cycle through Plan–Do–Check–Act: Do (provide design and procedures), Check (monitor thresholds; commission under stress), Act (invoke pathway actions). Record all triggers and reactions in the risk register and digital twin[35].
8.3 Education and Capacity Building
Owners, PMs, designers, and contractors should get foundation (climate literacy, risks), practitioner (scenario/science-to-design translation, NBS, LCC), and advanced (digital twins, outcome-based contracting) training. Project directors, schedulers, and quality/commissioning leads need CPD. Partner with universities and professional bodies to integrate resilience into civil/construction curricula (modules on non-stationarity, adaption pathways, equity, and M&E) and create studio/field laboratories where students apply BIM-GIS hazard overlays and stress testing to real projects[36]
8.4 Policy and Financing Innovations
Resilience clauses in PPPs include data-sharing commitments, threshold-based change procedures, and performance incentives connected to confirmed service continuity. Climate-proof materials, nature-based solutions, and proven monitoring systems should get incentives like accelerated depreciation, tax credits, grants, or parametric insurance premium reductions. Document climate risk assessments and resilience KPIs in procurement to qualify for public funding or concessional loans. Use money for adaption features and M&E to foster green/resilience ties. Finally, publish model specifications and KPI catalogs so vendors can innovate against explicit, auditable targets, shifting resilience from discretionary best practice into contracted performance in construction project management[37].
9. Discussion
9.1 Synthesis of Key Insights
Three trends emerge from the review. International frameworks (Sendai, Paris/SDGs, IPCC pathways) emphasize risk-informed planning, equity, and iterative learning, while practice tools (ISO 14090/14091, CSIF, FIDIC) transform those ideas into procedures, documentation, and responsibilities. Second, integration depends on the project lifecycle: resilience becomes measurable performance when specified in charters, costed in LCC, scheduled with seasonal logic, and confirmed at commissioning. Third, systemic barriers—data scarcity, fragmented governance, cost myopia, and uneven skills—make isolated changes ineffective. Projects require procured, auditable outputs (defined KPIs, contract conditions, payment procedures), but frameworks typically end at principles. Many codes still use historical climatic assumptions, which discourages non-stationary risk adaption and nature-based solutions. Digital enablers (BIM–GIS–twins) can close this gap with trustworthy hazard data and governance (stage-gates, M&E)[38].
9.2 Implications for Practice
The path forward for project managers is pragmatic and incremental: 
• Implement risk-based scheduling by incorporating weather calendars, pre-agreed rules, and recovery playbooks into the baseline and testing important activities in extreme circumstances.
• Encourage flexible procurement by requiring a Resilience Integration Plan in bids, evaluating outcome KPIs (e.g., downtime, recovery time), and offering pathway choices with trigger points instead of rigid designs. 

• Develop whole-life value by include predicted annual damage, downtime costs, and co-benefits in LCC. Use NPV of avoided losses to support phased investments. 
• Maintain a georeferenced CDE, overlay hazards in BIM, conduct stress tests, and connect to a digital twin for monitoring and commissioning under stress. 
• Implement knowledge systems: Promote lessons learned and peer exchanges (e.g., contractor forums, owner operator roundtables); update risk registers and acceptance criteria after events. 
• Capability: Assign a Resilience Sponsor to the project board and require CPD for schedulers, estimators, and commissioning leads[39].
9.3 Implications for Policy and Research
Enforcement and outcomes should replace guidance in policy. Mandates for climate risk assessments in planning and procurement, standardized resilience KPIs compatible with contracts and inspections, open, machine-readable hazard datasets to level the playing field for SMEs, and finance-linked incentives (grants, tax credits, insurance premium reductions) for verifiable risk reduction are priorities. Regulators can speed adoption by releasing model clauses (data sharing, trigger-based adjustments) and approving nature-based solutions through performance standards rather than checklists. 

Comparative empirical evidence should replace conceptual framework in research[40]. Longitudinal studies quantifying resilience investments' cost–benefit and distributional effects, validation of resilience KPIs across asset types, methods for integrating deep uncertainty and adaptive pathways into scheduling and cost control, and effectiveness studies on digital twins and real-time triggers in downtime reduction are needed. A feedback loop is needed to bridge the theory-practice gap: policy sets outcomes, projects deliver and measure, and evidence updates policy and tools, making climate resilience a routine, auditable aspect of construction project management.
10. Conclusion 
Construction project management must now incorporate climate resilience to build sustainable, reliable infrastructure. With climatic dangers increasing and non-stationarity becoming the norm, resilience must be stated in charters, schedules, and budgets, confirmed at commissioning, and sustained through operations. Frameworks and policies reviewed—from Sendai and Paris architecture to ISO adaptation standards, lender toolkits, and professional guidance—provide a consistent foundation. Fragmented governance, inconsistent data and skills, and procurement mechanisms that prioritize lowest first cost above proven, whole-life performance delay principle-to-practice translation[41].

Closing this gap requires multilevel coordination. Governments should replace advising guidance with enforceable, outcome-based mandates and open hazard data. The industry should operationalize resilience through outcome-focused procurement, BIM–GIS risk integration, and life-cycle cost evaluations that value avoided losses and co-benefits. Academics and professional bodies must integrate climate literacy, adaptive pathways, and performance evaluation into courses and ongoing development while working with owners and contractors to quantify costs, benefits, and equity.

Future building management must shift from efficiency to resilience to handle climatic uncertainties. The sector can move from reactive hardening to proactive, adaptive delivery by aligning policy signals, project governance, digital tools, and financing mechanisms around measurable resilience outcomes, protecting assets and communities and unlocking durable value across the infrastructure lifecycle.
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