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System Resistance vs System Resilience

ÅSystem resistanceis the ability to prevent system from 
structural or functional failures.

ÅSystem resilienceis the ability to withstand (i.e. absorb and 
bounce back from) shocks and pressures, whether economic, 
climatic or demographic in nature.
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Two complementary
concepts when 
designing/retrofitting 
system 



Resilience as a KPI of Sustainability criteria in water system

Åhow quicklya system can be recoveredfrom a failure/unsatisfactory to 
normal/satisfactory state (Hashimoto et al. 1982)

Å resilience is to minimise the level of service failure magnitudeand 
duration (Butler et al. 2017) 
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Resilience 
definition

üDue to different interpretations of resilience, it should be defined as a multi-component 
indicator in water systems for both water supply and wastewater/stormwater systems



Methodology
ÅAim: developing new multi-component resilience indicators for Integrated UWS to 

evaluate intervention strategies for both water shortage and flood resilience

ÅResilience indicators are estimated by using a conceptual urban water metabolism model.

Å Intervention strategies are water recycling schemes (i.e. RWH and GWR) that have 

concurrent impact on all water supply, stormwater and wastewater subsystems.
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Multi -component resilience indicators in water system

TF :the length of time during which water demand is not fully delivered

1

ὓὥὼ ὝὊ
  Min recovery rate=

Max Severity=ὓὥὼ
ὈὭ ὛὭ
ὈὭ

× 100 

Max volumetric severity=ὓὥὼ
ВὈὭ ὛὭ
ВὈὭ

× 100 



Multi -component resilience indicators in UWS
No Name Water supply system Sewer system 

1
Min recovery 

rate

Max TF = the longest failure 
duration i.e. time period that water   
demand is not fully delivered

Max TF = the longest failure
duration i.e. time period that runoff 
exceeds sewer capacity 

2
Average 

recovery rate
Ave (TF)= average failure duration 
over the planning horizon

Ave (TF)= average failure duration 
over the planning horizon 

3 Max Severity Si = water supply and 
Di = water demand at time step i 

Ri=runoff generated and 
Ci= conveyance capacity at time step i 
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Average 

severity
Average water deficit over 

the planning horizon is calculated.
Average excess runoff over 

the planning horizon is calculated.
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Max 
volumetric 

severity
The largest consecutive 

water deficit is calculated.
The largest consecutive
excess runoff is calculated.
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Average 
volumetric 

severity
Average consecutive water 

deficit over the planning horizon is calculated.
Average consecutive excess 

runoff over the planning horizon is calculated.
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Urban Metabolism Concept

ÅLong-term Performanceof integrated Urban Water System(UWS)is assessedby Urban
Water Metabolismconcept

ÅBAUandany intervention strategiesareevaluatedby usingthe WaterMet2 model
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Source: Duvigneaudand Denaeyer-De Smet, 1977 


