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Socio-economic Vulnerability Index (SEVI)

Data
• Large Matrix of Social and Economic 

Variables

Index
• Principal Component Analysis (PCA) 

reduces a large matrix of data to a 
single index of vulnerability. 

SEVI
• All values are relative – there is no 

absolute measure of vulnerability, just 
a ranking

Probabilistic Principal 
Component Analysis 

(PPCA)

Interpolates using 
information from all 
series to guess the 

missing data



SEVI Framework



SEVI Framework

● PCA vs. PPCA:
The expectation maximization (EM) algorithm is used to estimate

the parameters of PPCA model, which  will consequently allow.      

the framework to deal with the missing values.

● Rotation:

the varimax rotation was applied to the retaining components in order to 

reduce the number of  high-loading variables on each component.



Remaining Components

Component Category % Variance Explained

1 Demographic Socioeconomic Status 16.15

2 Industrial Economy 14.27

3 Race and Ethnicity 12.13

4 Demographic Socioeconomic Status 10.46

5 Housing and Transportation 9.87

6 Demographic Socioeconomic Status 6.52

7 Age 5.32

8 Gender 3.49



Socio-Economic Vulnerability (County Level)



Flash Flood Dataset
Source: Unified Flash Flood Database 

(https://blog.nssl.noaa.gov/flash/database/)

Flash Flood Characteristics:

➢Frequency

➢Magnitude (Peak Discharge)

➢Duration : Difference between start time and peak time

➢Severity : Magnitude/Duration

http://about:0


Flash Flood Fatalities

Flash Flood Fatality per 
Million Capita



Flash Flood Clustering

Getis-Ord Hotspot Analysis

A high Z score and 
small P value for a 
region indicates a 

significant hot spot

A low negative Z score 
and small P value 

indicates a significant 
cold spot

significant clusters of 
high values

significant clusters of 
low values

Flash Flood Characteristics



Socio-Economic Vulnerability Clustering



Flash Flood Characteristics (County scale)



Confluence of Socio-Economic Vulnerability and Flash Flood Characteristics



Conclusion

● Counties that are located in low vulnerable States are suffering from poor 

socio-economic status.

● The southwest region shows severe flash flooding with higher magnitudes, 

whereas the Northern Great Plains experience lower duration and frequency.

● Critical counties (high-vulnerable-hotspot) are mostly located in the southern 

parts of the U.S. The majority of counties in the Northern Great Plains are in 

the non-critical status. States with higher SEVI and critical counties 

experience higher rates of fatalities, such as Arkansas. 
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