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Spatially variable flood hazard and vulnerability

Hazard to People Inside

Hazard to People Outside

Hazard to Building Stability

Evacuation route

Children and the elderly are 
most vulnerable

Mobility impaired people are 
most vulnerable

Everyone is vulnerable



Children and elderly 
people become unstable

Some adults may 
have difficulty

All adults 
become 
unstable

Stability of light residential 
buildings at risk

Stability of people and buildings in flood waters



Flood Danger

LOW DANGER MODERATE DANGER HIGH DANGER EXTREME DANGER

Not dangerous for all, 
including vulnerable people.

May be dangerous 
depending on what people 

decide to do. 

Dangerous for vulnerable 
people and may be 
dangerous for all.

Building stability at risk. 
Dangerous for all.

Determined from the combination of Hazard Inside and Hazard Outside
Determined from the 

Hazard to Building Stability

Risk to life is TOLERABLE @ 1% AEP High risk to life to vulnerable people = INTOLERABLE @ 1% AEP



Deciding the 

Danger Ratings

Dangerous whether people 
stay or go

• This is the hazard space for 
someone on a flooded property.

• How should the cells of the 
matrix be rated?



Deciding the 

Danger Ratings

Safe refuge and safe 
evacuation available Safe refuge but evacuation

route is flooded

Flooded floor and evacuation
route is also flooded

Flooded lower floor with 
safe evacuation available 

from upstairs

Potentially dangerous 
for those who can’t 
evacuate unassisted

Dangerous whether 
people stay or go

• This is the hazard space for 
someone on a flooded property.

• Some situations are clearly safe, 
and some are clearly dangerous.

• In other cases, the danger is 
contingent. Potentially dangerous if 

people decide to leave



When will most people leave?
How close do flood waters have to be to the house before most people will try to evacuate?

A few people will leave
(Safe for most)

Some people will leave
(Still safe for most, who stay)

Most people will leave
(Dangerous for most)



An aid for 

thinking about 

flood hazard 

and risk
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impaired people

D
a
n
ge

ro
u
s 

fo
r 

a
ll

LOW DANGER

MODERATE DANGER

HIGH DANGER

Tolerable 
@ 1% AEP

EXTREME  DANGER
(Building Instability)

Intolerable 
@ 1% AEP



Application

• Changing expectations of event magnitude in non-stationary climate

• Uncertainty in observed and/or modelled data

• Observed levels >> modelled– flood prone area activation

• No accepted definition of egress route.... to where?

• Extended duration of flooding

• Limitations of DV approach for overland flow – low depths, high velocities

• Lack of research on building stability thresholds in NZ context

• Acceptable level of residual risk post solution

• Etc....



Conclusion

• The Framework is a new approach to assessing risk at a property level

• It accounts for behavioural factors, vulnerability, and flood hazard at multiple 
locations on a property

• Flood risk is assessed in a consistent, transparent and objective manner

• A threshold for intolerable risk to life has been defined

• Developed for flood recovery context but principles can be applied elsewhere

• Next steps....

• Read the full paper!
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Thank you!

Questions? Patai?
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