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Resilience & Sustainability: synergies and competencies

Sustainability and resilience can be:

1) negatively correlated (competing) 

2) uncorrelated (not affecting each other) and 

3) positively correlated (synergistically)

Linkov et al. 2019

   (2) (3)



Framework for resilience-based life-cycle management of transport assets

Carbon emissions

• Conventional/grey vs.      
low carbon/green 

recovery strategies

• sustainability metrics

Climate hazard

• Intensity Measure (IM)

• climate projections

Resilience and adaptation

• resilience metrics

Asset recovery

• capacity restoration 

• functionality reinstatement
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Optimised resilience and sustainability 
in transport asset climate adaptation

• analytics for informed decision making
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tCO2 & Resilience in Critical Infrastructure restoration
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O: commencement of construction, 

A: completion of construction, bridge open to traffic

AB: bridge operates with minimal maintenance or inspection

A’B’: tCO2e increase because the bridge operates with decreased functionality and as a result

vehicle detours are required

BE: bridge is damaged, but no action is taken (idle time)

B’E’: tCO2e increased rapidly as bridge is partially/completely closed and as a result traffic is diverted

EF: restoration measures are being implemented

E’F’: ancillary tCO2e due to the implementation of restoration measures, including traffic detour

FH: post-disaster normal function, no maintenance

F’H’: similar to A’B’
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Mitoulis, S. A., Bompa, D. V., & Argyroudis, S. (2023). Sustainability and climate 

resilience metrics and trade-offs in transport infrastructure asset recovery. 

Transportation Research Part D: Transport and Environment, 121, 103800.

Baseline scenario, without regular maintenance. 

(a) Evolution of cumulative tCO2e. Solid line shows 

upfront and dashed line shows ancillary tCO2e 

(b) resilience, expressed as quality or performance of 

infrastructure responding to a hazard occurrence



tCO2 & Resilience for proactive and reactive strategies
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Application

3 x 30.5 m = 101.5m

1.0m

continuous deck (width = 13.5m)
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Results- Quantification of S,R,C 
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γs, γR and γC are weighting factors which the decision maker  

can adjust to prioritise e.g., Sustainability, Resilience or Cost.



Conclusions

• Trade-offs between sustainability and resilience within design objectives 

reveals a spectrum of potential relationships. They can operate in 

synergy, stand independently, or even conflicting for priority. 

• The ISRC can be used for informed decision making, incorporating the 

principles of resilience, sustainability, and cost to adapt transport 

systems to climate change. 

• Across all examined scenarios, the implementation of a low-carbon 

restoration strategy has proven itself beneficial. This strategy 

significantly reduces tCO2e emissions leading to an up to 50% 

increase in ISRC.



Linkov et al., 2022

Discussion points

Threat-agnostic resilience based on stress-testing resilience 
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