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CONCLUSIONS    2|

Å There are practical links between adaptation to global change 
and sustainable development leading to:
Å re-enforcing resilienceas a new development paradigm
Å need for building resilience in our communities

Å Resilient Cities Programs (World Bank, 100 Resilient Cities) 
reflect this conceptual shift and aim to help cities adapt to a 
greater variety of changing conditionsand withstand shocks 
while maintaining essential functions.

Å Systems approach to quantification of resilience allows: 
Å capturing temporal and spatial dynamics of water resources 

management
Å better understanding of factors contributing to resilience
Å more systematic assessment of various measures to increase resilience



PRESENTATION OUTLINE    3|

Å Introductory remarks
Å From risk to resilience
Å Limitations of risk management
Å Definition of resilience
Å Quantification of resilience 
Å Implementation of quantitative resilience measure

Å Systems approach (simulation, time and space)

Å Examples
Å Climate change caused urban flooding
Å Multi purpose reservoir operation 
Å Urban infrastructure network system

Å Conclusions
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Principal investigator

Å Systems Engineering Approach  to the Reliability of Complex 
Hydropower Infrastructure
Å NSERC CRD with BC Hydro: 2014-2018   $673,334  

Å Linking Hazard, Exposure and Risk Across Multiple Hazards
Å NSERC CRD with Chaucer Synd.: 2015-2019  $1,375,600 

Co-investigator
Å Advanced Disaster, Emergency and Rapid Response Simulation
Å NSERC CREATE: 2015-2021 $1,650,00

Å Coastal Cities at Risk (CCaR): Building Adaptive Capacity for 
Managing Climate Change in Coastal Megacities 
Å IDRC - International Research Initiative on adaptation to Climate 

Change: 2011 ς2016 $2,500,000

Research support



INTRODUCTION3| Global change

Å Global change
Å Population growth
Å Land use change
Å Climate change
Å Complexity and uncertainty

Å Infrastructure systems (hard)
Å Water
Å Energy
Å Transport
Å Communications

Å Infrastructure (soft)
Å Institutional
Å Social
Å Cultural
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Å The broad definition 

Å The combination of the 
probability of an event and 
its negative consequences. 

Need for paradigm change

Risk = Hazard x Consequence 
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RISK TO RESILIENCE
Need for paradigm change7|

Å Risk management framework
Å Static (in time and space)
Å Difficulties in assessing probability of extreme 

events 
Å Difficult integration of physical, social, economic 

and ecological concerns

Å Resilience framework
Å Dynamic (in time and space)
Å Not only assessment of direct and indirect losses 
ςbroader framework 



RESILIENCE    
Definitions8|

Å Latin origin resilire, resilioςbounce
Å Mechanics ςstrength and ductility of steel beams (Rankin, 1867) 
Å Systems theory  - ecology (Von Bertalanffy, 1950; Holling, 1973)
Å ΧƳŜŀǎǳǊŜ ƻŦ ƘŜ ǇŜǊǎƛǎǘŜƴŎŜ ƻŦ ǎȅǎǘŜƳǎ ŀƴŘ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ŀōǎƻǊō ŎƘŀƴƎŜ 

and disturbance and still maintain the same relationships between 
ǇƻǇǳƭŀǘƛƻƴǎ ƻǊ ǎǘŀǘŜ ǾŀǊƛŀōƭŜΧ

Å Hazard ςbased 
Å ΧŎŀǇŀŎƛǘȅ ŦƻǊ ŎƻƭƭŜŎǘƛǾŜ ŀŎǘƛƻƴ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜȄǘǊŜƳŜ ŜǾŜƴǘǎΧ
Å ΧǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ŀōǎƻǊō ǎƘƻŎƪǎ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ ŦǳƴŎǘƛƻƴΧ
Å ΧǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ŀŘŀǇǘ ŜȄƛǎǘƛƴƎ ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǎƪƛƭƭǎ ǘƻ ƴŜǿ ǎƛǘǳŀǘƛƻƴǎ ŀƴŘ 
ƻǇŜǊŀǘƛƴƎ  ŎƻƴŘƛǘƛƻƴǎΧ

Å Used in this research ςafter UNISDR (2009)
Å Χthe ability of an infrastructure system and its component parts to absorb, 

accommodate or recover from the effects of a system disruption in a timely 
and efficient manner, including through the preservation, restoration or 
improvement of its essential basic structures and functionsΧ

Å System performance and system adaptive capacity



RESILIENCE    
Definitions9|

Å Environmental and economic shocks are upon us
Å respond by building resilience

Å In many respects a resilient society defies the imperative of 
economic efficiency

Å Industrial society has gone about as far in the direction of 
economic efficiency as it is possible to go (around 2012)

Å Correction is necessary and inevitable
Å Climate change simply underscores the need for that course 

correction.

Resilience Economic efficiency

Dispersed inventories and redundancy Eliminates inventories and redundancy to 
build competitive advantage

Localization Globalization

Long-term sustainability Short term profit as the highest objective



RESILIENCE    
Definitions10|

Å Building resilience means helping society to work more like an 
ecosystem
Å Energy use wasting on colossal scale conservation 
Å Biodiversity reduction increase
Å Feedbacks positive-destabilizing negative-stabilizing

Å wŜǎƛƭƛŜƴŎŜ ŎŀƴΩǘ ǊŜƳƻǾŜ ŀƭƭ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƘŀǊŘǎƘƛǇǎ
Å ǇŜƻǇƭŜ ǘȅǇƛŎŀƭƭȅ ŘƻƴΩǘ ŀŘŀǇǘ ǘƻ ƛƴǘŜƴǎŜΣ ǇǊƻƭƻƴƎŜŘ ŘǊƻǳƎƘǘτthey 

move (example of Dust bowl of the 1930s) 

Å No strategy guarantees immunity to impacts from changing 

conditions
Å acidifying oceans, 
Å melting glaciers, and 
Å extreme weather. 

Å Resilience 
Å buys us a better insurance plan
Å might also revive our communities 
Å create economic opportunity, and 
Å make life more satisfying.



RESILIENCE    11| Quantification

Á System performance and system adaptive capacity
Á Transformation of system performance into resilience



RESILIENCE    12| Quantification



RESILIENCE    13| Implementation ςtemporal and spatial dynamics



EXAMPLE 1    14| Climate change caused urban flooding

Å Vancouver
Å Sea level rise
Å Riverine flooding
Å Set of climate scenarios

Å Impacts (i)
Å Physical
Å Social
Å Health
Å Economic


