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ABSTRACT
Flood susceptibility mapping (FSM) is a proven approach that relies on reported flood locations and 

physical characteristics for mapping regional susceptibility to flood hazard. The Chicago Metropolitan 

Agency for Planning’s (CMAP) Flood Susceptibility Index (FSI) is calculated for the City of Chicago 

and its neighboring counties. Regional vulnerability to the negative effects of flooding varies according 

to the socioeconomic characteristics of a population. The CDC’s Social Vulnerability Index (SVI) is a 

dataset that describes vulnerability to natural and man-made hazards

How can spatial datasets be used to identify regions disproportionately vulnerable to flooding 

and its negative effects? What are the implications for enacting equitable stormwater 

management policy and interventions?

FLOOD SUSCEPTIBILITY INDEX (FSI)
The Regional FSIs are developed by CMAP utilizing the Frequency Ratio (FR) method. The indices 

describe urban and riverine flooding susceptibility as it relates to several flooding-related factors:

• Topographic Wetness Index (TWI)

• Combined Sewer Service Areas

• Elevation Differential Between Property and Nearest Base Flood Elevation (BFE)

• Impervious Cover of Watershed Catchment

• Age of First Development

• Precipitation Variation

ZONAL STATISTICS

FREQUENCY RATIO FOR SEWER OUTLET CAPACITY

A zonal statistics operation utilizes spatial analytics to calculate statistics on cell values of a raster within the zones defined by 

another dataset. The zonal statistic geoprocessing tool was utilized to calculate mean FSI scores for the 1983 census tracts within 

CMAP’s 7-county service area. The figures below show the input raster of FSI scores (left) and mean FSI scores (right). The 

intensity of red in the right figure indicates higher mean FSI scores for a census tract.

SOCIAL VULNERABILITY INDEX (SVI)
Social vulnerability refers to the potential negative effects on communities caused by external hazards. The CDC’s SVI uses 16 

census variables to help identify vulnerable communities. SVI data was merged with FSI data to better understand regional 

susceptibility to flooding and its relationship to increased vulnerability to flooding’s negative effects. Census tracts in the top 

10%, i.e., at the 90th percentile of values, are assigned a flag to indicate high vulnerability. 

FR scores were calculated based on sewer release rate outlet capacity maps and flood locations 

identified by City of Chicago’s 311 reports for water in the street and water in basements. The figures 

below show the georeferenced outlet capacity maps (left) and traced polygons (right) utilized for this 

calculation. The intensity of red in the right figure indicates increased sewer outlet capacity.

Zonal Statistics 
Operation

Transform Raster 
Data to Mean FSI 
Scores in Census 

Tracts

SUMMING FSI & SVI FLAGS
Census tracts in the top 10% of FSI scores were assigned a flag to indicate increased susceptibility to 

flooding. These FSI flags were summed with the SVI flags from the five variables with the greatest 

variance in FSI score between flag- and non-flag bearing census tracts, estimate percent population:

• Beneath Federal Poverty Level

• Unemployed

• Per Capita Income

• Minority

• No Vehicle Access

Of the 1983 census tracts subjected to analysis, 11 (~0.5%) census tracts held all six combined FSI 

and SVI flags. These census tracts were located primarily on the south and near southwest sides of 

Chicago.
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DISCUSSION / IMPLICATIONS
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SUMMARY / CONCLUSION

The organizations responsible for the implementation of stormwater management policies require 

effective methods for the identification of regions that have increased susceptibility to flooding. Flood 

susceptibility mapping (FSM) is one such reliable method.

Equity and justice considerations must be made a part of stormwater management policies to include 

those that have been either previously excluded from planning and implementation conversations or 

have not been thoughtfully considered in terms of their increased socioeconomic vulnerability to the 

risks and hazards associated with flooding.

The union of flood susceptibility data with demographic data is recommended for the identification of 

regions both more susceptible to flooding and more vulnerable to suffering as attributed to flooding’s 

negative effects.

The Frequency Ratio (FR) methodology is a widely adopted method for assessing susceptibility to 

disasters. Limitations of the FR methodology include its lack of description of populations and their 

socioeconomic characteristics as they relate to potential suffering attributed to natural hazards. 

Combining the FR methodology with demographic data allows for datasets to work in tandem and 

help address environmental injustices related to inequitable stormwater management and resultant 

disparities in water equity.

• Five social vulnerability variables were identified as being uniquely related to increased 

susceptibility to flooding in the Chicago region.

• In line with the CDC’s methodology for attributing “flags” to census tracts in the top 10% of values, 

census tracts in the top 10% of FSI scores were assigned a flag. The sum of this FSI flag with the 

flags of the five SVI variables described saw 11 of 1983 (~0.5%) census tracts bearing all six flags.

This approach is recommended for the identification of regions for stormwater management 

intervention, especially as it relates to environmental justice and the addressing of existing stormwater 

management inequities.

Higher sewer outlet capacity corresponded with lower FR scores, with fewer flood locations occurring 

in areas with higher sewer outlet capacity.
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Bivariate choropleth maps (left) are useful for visualizing two datasets across space.
Raincloud plots (right) illustrate data distribution and key summary statistics, e.g. 
median and confidence intervals.
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