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Population Change in Louisiana 
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Asset Flood Exposure Risk in Louisiana 
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Image Source: (Bittle, 2023)
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Image Source: (Herbert, 2020)



Empirical Setting 
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Figure 1. Empirical Setting Communities in Louisiana  - Communities with population in 
Coastal Louisiana Risk Assessment (CLARA) ugenc@purdue.edu



Research Questions
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1. How to quantify the fragility of the access to essential services using 

transportation networks as it relates to resilience? 

2. How can we evaluate the critical importance of an essential service facility 

using drive-time analysis?

3. How will decision-makers' preferences regarding a criticality measure affect 

which facility is prioritized for protection?
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Methods: Overall Framework
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Methods: Fragility
How to quantify the fragility of the access to 
essential services using transportation networks as it 
relates to resilience? 

▪ Essential Services:

• Emergency Medial Service (EMS)

• Fire Station

• Daycare

• Public School (Kindergarten, Elementary, Middle, Junior High)

• Public School (High School)

• Dialysis Center

• Hospital

• Trauma Hospital 

• Grocery Store
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Methods: Fragility
How to quantify the fragility of the access to 
essential services using transportation networks as it 
relates to resilience? 
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Westin, DC:
500 people 4 min

Fire 
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12 min

8 min

• Drive time to closest location
• Marginal drive time between first and 

second closest location 
• Number of alternative locations within 

critical time threshold

Critical Time Thresholds: 

• 4 Minutes: EMS

• 9 Minutes: Fire Station

• 15 Minutes: Daycare, Public School, Public 

High School, Grocery Store

• 30 Minutes: Dialysis Center, Hospital

• 60 Minutes: Trauma Hospital
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Urban – Rural Differences in Fragility: EMS
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Size of the chart represents 
the total relative population
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Methods: Overall Framework
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Methods: Criticality 

How can we evaluate the critical importance of an essential service facility using drive-time 
analysis?

• Total population served as primary 
provider

• Primary population percentage with no 
other alternative under critical time 
threshold

• Weighted average of marginal travel 
time for primary population with no 
other alternative under critical time 
threshold
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Criticality 
▪ Normalize all three measures 

▪ Create a large combination space of weights
 
▪ 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 = 𝑤1 ∗ 𝑃 + 𝑤2 ∗ 𝐴 + 𝑤3 ∗ 𝑀

▪  𝑤1, 𝑤2, 𝑤3: Weights assigned to each variable, which must sum to 1 (𝑤1 + 𝑤2 + 𝑤3 = 1)
▪ 𝑃: Primary population served by the facility 
▪ 𝐴: Primary population percentage without an alternative 
▪ 𝑀: Weighted average of marginal travel time for primary population with no other alternative under 

critical time threshold 

▪ Rank all facilities within their type between 1-5 based on their criticality score (higher = more critical)

• We care about rank stability of facilities in determining criticality → facilities that constantly appear in top 5 are 
critical
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Weight Space
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Weights for: Primary 
population percentage 
with no other alternative 
under critical time 
threshold

Weights for: total 
population served as 
primary provider

Weights for: weighted 
average of marginal travel 
time for primary 
population with no other 
alternative under critical 
time threshold
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Criticality – Most Critical EMS Facilities

This shows, percentage of combination space each facility appears in each rank within its facility type. For 
instance, New Orleans Emergency Medical Services is ranked 2 most critical among all EMS 11.2% of the 
weight combination space. 
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Criticality – Most Critical Facilities
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Criticality – Most Critical Facilities
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Criticality – Most Critical Facilities
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Criticality – Most Critical Facilities
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Criticality – Most Critical Facilities
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Criticality – Most Critical Facilities
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Conclusion

▪ Drive-time analysis reveals significant differences in access to primary, secondary, and other 

essential service locations, highlighting disparities in fragility across regions.

▪ Defining access based solely on the closest locations overlooks critical aspects of resilience and 

does not identify the fragility of access. 

▪ Visualizing criticality in a weight space allows for policy-makers to understand implication of 

their preferences.

▪ Criticality can be measure somewhat independent of decision maker preferences by overlaying 

areas in weight combination space and identifying facilities that ranked high in those overlapping 

areas. 
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THANK YOU!
Utkuhan Genc
ugenc@purdue.edu
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Urban – Rural Differences in Fragility: Dialysis Center
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Urban – Rural Differences in Fragility: Dialysis Center



32

Size of the chart 
represents the total 
relative population
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  C r i t i c a l i t y =  w 1 ∗ P +  w 2 ∗ A +  w 3 ∗ M


   w 1 ,  w 2 ,  w 3


   w 1 +  w 2 +  w 3 = 1

