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➢ Our models allow to quantify the consequences of infrastructure outages which can be translated into
mitigation measure planning

➢ This will be very useful to the system operators to estimate the repercussions of the outages
➢ Popular adaptations are more user dependent than outage duration
➢ People are likely to move to a relative’s house or a hotel as the length of outages increases
➢ Places experiencing longer outages can have more than 75% of very and extremely unhappy people
➢ People are found to be very unhappy at even lower outages

Conclusions
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Synthetic population:
➢ 35 significant attributes: Age, income, 

Presence of elders, children, 
Presence of someone with a medical 
condition, risk perceptions etc. 

Fig 2: Framework of predicting the response

Fig 1: Conceptual framework of the infrastructure system interruptions

➢ People’s lives are severely  disturbed 
during infrastructure outages for extreme 
events and prediction of the response of 
households  is difficult for a large urban 
city

➢ Recent research identified the most 
common user adaptations, such as, using 
candles or flashlights,  purchasing bottled 
water, reducing or delaying consumption 
[1]. Another research focused on the 
unhappiness and willingness to pay to 
avoid outages [2]

➢ We aim to answer the below questions 
which can better accommodate the 
requirements of the people in the 
restoration and response activities, using 
the statistical models, by estimating the 
aggregate household adaptation profile 
and impact 
1. How many people are likely to 

implement different user adaptations in 
response to water outages? 

2. How many people are likely to be 
unhappy ?

3. How does the response vary 
geographically?

What would you do if there is 
no power or water? How do 

you adapt?

Estimation of people implementing 
adaptations: 
➢ Adaptations such as bottled water and 

consumption delay are implemented by 
around 45% of the population (Fig. 4)

➢ Usage adaptations such as bottled water are 
dependent on local resources and individual 
user characteristics. (a)

➢ Moving adaptations such as moving to a 
hotel or relative’s house is guided by length 
of outage (b)

Test Scenario: 
➢ Study Area: Los Angeles (LA), California 

(highly populated urban city)
➢ Study Event: The 1994 Northridge earthquake 

(impacted LA severely)
➢ Water outages during the  Northridge 

Earthquake lasted 9 days (e)

Estimation of unhappy people:
➢ While unhappiness is guided by the length of 

outage (c, d), there are more than 25% of 
very unhappy people in the demand zones 
with lower outages (Fig. 5)

➢ 60% of the people are very unhappy with a 
week of outage

Fig 3: Verification of the developed synthetic population

Adaptation, Unhappiness = f(Infrastructure type, 
outage duration, household attributes)

Statistical models:
➢ Based on a revealed and stated preference survey of households regarding 

response to power and water outages in Los Angeles, California 

Fig 4: Distribution of people doing an adaptation Fig 5: Distribution of  unhappy people
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