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Abstract 
This document details use of the SV-X Data Development tool to develop study area datasets 

and SV-X Analysis tool to conduct social vulnerability analysis 
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Introduction 

The experiences of Hurricanes Sandy, Katrina, Rita, and Ike, as well as extensive flooding in the 

Upper Midwest, have again emphasized the reality and significance of the social impacts of floods 

and coastal storms. While all people living in hazard areas are affected, the social impacts of hazard 

exposure often fall disproportionately on the most vulnerable people in a society—the poor, 

minorities, children, the elderly, and the disabled. One of the lessons learned has been that effects 

on socially vulnerable populations have been overlooked and underestimated. 

Information on social vulnerability is essential to enrich understanding of issues and factors that 

are critical in addressing the needs of these populations. Vulnerable groups often have the fewest 

resources to prepare for a flood, live in the highest-risk locations, occupy substandard housing, and 

lack the knowledge or social and political connections necessary to access resources that would 

speed their recovery.  

Developed by Dr. Susan Cutter, Department of Geography, University of South Carolina, the Social 

Vulnerability Index (SoVI) can be mapped and analyzed to gain an overview of socially vulnerable 

populations within census units (e.g. counties, tracts, block groups) exposed to hazards within a 

region. SoVI metrics for census units of a region are derived by: 

���� Synthesizing a number of socio-economic ‘profile’ variables (e.g. 28 – 32) from Census 

provided datasets  

���� Applying Principal Components Analysis to transform them into a smaller number (e.g. 6-9) 

of statistically significant vulnerability “dimensions”  

���� Algebraically combining to create a cumulative SoVI score for each of the Census units 

���� The resulting scores are expressed as z-scores 

Of the 28 social vulnerability profile attributes (variables) derived by the SV-X Data Development 

Tool application for use in SV-X Analysis tool, deriving social vulnerability principle components, 

and calculating the Social Vulnerability Index (SoVI) for the parent areas’ tracts and block groups, 

13 are derived from attributes collected from the total population census (i.e. Census SF1 data 

source) and 15 are derived from attributes derived by sampling subsets of the population (i.e. 

American Community Survey). Each of the 15 social vulnerability profile attributes derived from 

the American Community Survey (ACS) inherits data estimation errors for the values calculated for 

individual census geography units, i.e. tracts and the block groups contained within each tract, from 

margin of error estimates provided in the ACS data sources by the Census.  

The SV-X tools provide a data production and analysis capability that was development by the Army 

Corps of Engineers to describe the spatial distribution of vulnerable populations in hazard zones 

associated with flooding, storm surge, wind impacts, and other hazards. Based on Cutter et al.’s 

(2000) Place Vulnerability Assessment, these tools provides valuable insights into the kinds of 

mitigations, preparedness, and response measures needed for areas of high social vulnerability to 

environmental hazard.  Based on data visualizations and tabular summaries of social vulnerabilities 
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of populations at risk, the SV-X enables civil works project planners in conducting social 

vulnerability assessments and characterize the benefits and/or adverse impacts of potential water 

resource project solutions. Other practical applications include quick and easy identification of 

vulnerable population to support evacuation efforts, supporting the analysis of environmental 

justice concerns when reviewing proposed project impacts, analyzing the vulnerability of 

populations that may be subject to sea level rise, supporting the analysis of different disaster 

recovery options based on population characteristics, and analyzing the population that would be 

impacted by drought and reallocation studies. For more information on potential applications for 

Social Vulnerability Analysis see Section 6.2 of Social Vulnerability Analysis Methods for Corps 

Planning, (Dunning and Durden 2011). 

The SV-X consists of two parts, a desktop data development application and a web-based data 

analysis tool. 

SV-X’s Data Development Tool orchestrates a process that enables users to transform and combine 

close to one hundred Census and American Community Survey data with hazard data and produce 

analytical data useful for determining the vulnerabilities of populations within environmental risk 

zones.  The data development tool transforms the socio-economic attribute data into eight social 

vulnerability profile attributes, with associated data quality error measures, for each tract and 

block group.  Review of the profile attributes’ error measures enables determination of data quality 

and fitness for use at tract-level and block group-level scales.  An interactive map enables the user 

to define a regional “parent area”, which is used to establish a statistical baseline for comparing 

relative social vulnerabilities of tracts or block groups, and data reduction by Principle Components 

Analysis (PCA). Formulations of the reduced set of principle components are presented, each 

component is named and its contribution (positive or negative) to social vulnerability is 

determined by the user. The principle components are combined, and a composite vulnerability 

index computed for each tract and block group. Users are then able to define a study area, partition 

the study area into “neighborhood”-based planning units, and conduct “with project” and “without 

project” analyses. The resulting vulnerability data are integrated with hazard area data (e.g. flood 

risk zones) provided by the user. The resulting dataset is optionally packaged with data depicting 

existing and proposed civil works infrastructure, and loaded into an enterprise database for use 

within the SV-X Analysis tool.  

SV-X’s Analysis tool presents tract and block group social vulnerability and risk data in map and 

tabular format.  The results viewable in the Analysis tool allow users to use social vulnerability 

characteristics to analyze existing conditions and potential risk reduction measures under 

consideration by planners of Corps civil works project. This work builds on the handbook “Social 

Vulnerability Methods for Corps Planning,” published by the USACE Institute for Water Resources 

(IWR).  

Background 
The Corps Engineering Circular (EC) 1105-2-409, Planning in a Collaborative Environment (USACE 

2005) made major changes in Corps planning policy including that any recommended alternative 

plan recommended must have net effects across all four Principles and Guidelines (P&G) accounts:  

���� National Economic Development 
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���� Environmental Quality 

���� Regional Economic Development 

���� Other Social Effects   

The planning reports must discuss and display beneficial and adverse effects of each plan in each 

P&G account and compare the effects across plans. 

IWR published the report: Social Vulnerability Analysis Methods for Corps Planning, (Dunning and 

Durden 2011) which provides an overview of social vulnerability analysis (SVA), which is one 

method that may be used in performing an analysis of Other Social Effects (OSE): 

http://www.iwr.usace.army.mil/Portals/70/docs/iwrreports/2011-R-07.pdf.  

Social vulnerability refers to “the characteristics of a person or group and their situation that 

influence their capability to anticipate, cope with, resist, or recover from the impact of a hazard” 

(Wisner et al. 2004). These groups may be least prepared for an emergency and may live in more 

hazardous locations, in substandard housing, and have the least resources and lack knowledge 

and/or power to recover from a hazard event. These communities are less resilient and therefore 

less able to cope and recover from a traumatic event or disaster due to factors such as critical 

infrastructure, transportation, community plans and agreements, mitigation measures, business 

plans, and social systems. Simply stated, SV-X describes the relationship between social 

characteristics and hazard vulnerability. For additional information on social vulnerability factors 

and their implications see Section 2.1 of the Social Vulnerability Analysis Methods for Corps Planning, 

(Dunning and Durden 2011). 

SV-X enables the Corps’ planner to characterize impacts flood risks have on people and 

communities. Risk to vulnerable populations can be described for the project area to help ensure 

that the interest of those most vulnerable are considered and quantified during the planning 

process. Communicating the socioeconomic implications of project alternatives can help 

differentiate the choices that each solution presents. 

SV-X Data Development Tool 

Installation 

Installing the Application 

The SV-X Data Development Tool is a desktop application that requires installation prior to use. 

There are two files needed for installation, an installation file and a data file. Both files should be 

available in order to install and use the application.  

First, the user should run the install the application by double clicking on setup_x32_x64_SV-

XDataDevelopmentTool.exe. 

The first step of the installation process is shown below.  
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The user should click the Install button to install any prerequisites that aren’t already installed on 

the machine. Please note it is possible not all these will require installation and are already 

available on the computer. 

 

The installation will now step through all prerequisites that need to be installed on the machine. 

If not already installed on the machine, the Microsoft Visual C++ 2010 x86 Redistributable will 

install. The setup will begin and the first step seen by the user is shown below. 
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The user should click the Finish button to complete installation of this prerequisite. The 

prerequisite list will now state succeeded beside the first listed prerequisite. 

 

The next prerequisite needed for the SV-X Data Development Tool is the Microsoft Visual C++ 2010 

x62 Redistributable. If this software is not installed on the computer, the first step of the 

installation will start automatically for the user. The user will have to accept the license terms and 

then click the Install button to start the installation. 

Once the installation completes the user will see the screen below indicating that the installation 

has completed. 
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The user can click the Finish button to complete installation of this prerequisite. 

If the Microsoft C++ 2013 Redistributable (x86) is not already installed on the computer the 

installation for this prerequisite will start automatically. The first step of the installation is shown 

below. 

 

After the user agrees to the license terms and conditions they can click the Install button to initiate 

the installation of this prerequisite. Once installation completes the user will see the screen below 

and can click the Close button to continue. 
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The next required prerequisite is for R 3.1.1. If this software isn’t already installed on the computer 

this installation will start automatically for the user. The user should click OK to start this 

installation. 

 

The user should click Next on the next screen to start the installation. 

 

After reviewing the licensing information available on the next screen the user can again click Next 

to continue. 
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The next step defines the installation location for the R software. While a default location is set the 

user can modify installation to an alternate directory using the available Browse button. After the 

installation location is selected the user should click the Next button to continue with the 

installation.  

 

The next step defines the R components to be installed. The user should ensure that Core Files, 32-

bit Files, 64-bit Files, and Message translations are selected and then click Next. 
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The next step of the installation allows the user to customize the startup options. The user can 

accept the defaults and click Next to continue. 

 

The next step of the installation defines where the shortcuts for R will be created. The user can 

utilize the Browse button to modify the location of the shortcuts or click Next to accept the defaults 

and continue. 
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The next step of the installation for R allows the user to select additional tasks for the setup to 

perform. These can include creation of a desktop icon, Quick Launch icon, and creation of related 

registry entries. The user can select the options they wish to utilize and click Next to continue. 

 

The user will see a progress bar as the installation proceeds. 
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Once installation of R and related components completes the user will receive notification that 

setup has completed and the user can click the Finish button. 

 

The final prerequisite for SV-X Data Development Tool is Java. The installation for Java, if needed, 

will start automatically. The user can click Install to begin the installation. 
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The user will be notified when Java installation completes and the user can click Close to continue. 

 

Now that all prerequisites have been installed the SV-X Data Development Tool installation will 

start automatically for the user. 
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Once the installation is ready to proceed the user will see the screen below where they should click 

Next to begin the installation. 

 

The next screen allows the user to define a user name and organization for the software. The 

defaults can be accepted and the user can click Next to continue. 
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The next step of the installation allows the user to modify the default installation directory if they 

desire. If the user wishes to modify the default installation directory to another location they should 

do so using the Change button. Once the installation directory has been modified to the user’s 

preferences, click Next to continue. 

 

The user should click the Install button on the next step to begin installation. 
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The user will see a progress bar as the software installs. 

 

Once installation completes the user will see the screen below. The user should click the Finish 

button to complete installation of the SV-X Data Development Tool. 
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Transfer of the Data Directory 

Prior to running the SV-X Data Development application, you should copy over the data from the 

provided data file provided to your computer at C:\ProgramData\SV-X Data Development 

Tool\Data.  

To do this, copy the file to the user’s machine. Once the file has completed transfer, extract the 

contents to the Data directory within the SV-X Data Development Tool\Data folder. 

Please note that the SV-X Data Development Tool root folder contains subfolders that are used by 

the application in order to run properly. Please note that any alteration or modification of these 

folder structures or contents within may create issues for the application to run properly. 

Program Directory Details 

There are five subfolders within the root SV-X Data Development Tool directory. Following are 

descriptions of the contents of the subfolders of the SV-X Data Development Tool root directory. 
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Census_Files  

 

The Census Files folder contains two subfolders: ACS and SF1. These are folders that contain 

downloaded American Community Survey (ACS) and Summary File 1 (SF1) data downloaded from 

the census website. More instruction on downloading the necessary files from Census can be found 

in  Downloading Census Data. 

 

As the names suggests, the ACS folder contains the downloaded ACS data. Depending, on the data 

date, they are put in their respective subfolders within. Currently the application supports ONLY 

acs2010-5yr and acs2012-5yr datasets. Please note that any other acs dataset from another time 

frame is not yet supported.  
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The figure below shows how a typical Census_Files>ACS>2010 folder contents would look like. 

 

The SF1 folder contains the Summary_File_1 (Urban_Rural_Update) information downloaded from 

the census site. 

The figure below illustrates typical contents of the SF1 folder. 
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Config 

 

The ‘Config’ folder contains two configuration (.txt) files that are used by the SV-X Data 

Development tool. The ‘config_2010.txt’ files contains relevant configuration information for 

handling ACS 2006-2010 data while the ‘config_2012.txt’ contains the same for ACS 2008-2012 

data. The following figure shows the contents of the “Config” folder.  
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Database 

 

The Database contains three subfolders within it: ‘Hazard_Data’, ‘Processed_States’, and 

‘Spatial_database’. Besides the subfolders, the Database folder also contains a sqlite database 

named data-dev.sqlite. 
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The ‘Processed_States’ folder contains sqlite databases that contain processed SoVI census and ACS 

data for each and every state uploaded by the user using the SV-X Data Development tool. The 

typical contents of the ‘Processed_States’ may look as the figure below: 

 

The ‘Spatial_Database’ contains a sqlite (spatiaLite) database named SpatialDatabase.sqlite that 

contains spatial data that are used during the Parent Area Creation process in the SV-X Data 

Development tool. The following figure illustrates the different table contents of the database 

(viewed in a spatiaLite GUI tool). 
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The data-dev.sqlite database contains metadata information used by SV-X Data Development tool 

about processed states, oracle connections, uploaded census data, uploaded hazard data, ‘finished’ 

or ‘published’ databases etc. The following figure illustrates the different table contents of the 

database (viewed in a spatiaLite GUI tool). 
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Finished_Data 

 

The ‘Finished_Data’ folder contains sqlite databases that represent ‘Finished’ parent area datasets 

that are datasets that published to the Oracle server for viewing into the SV-X application. In case of 

modifications, they can be republished to the same. The typical contents of the ‘Finished_Data’ 

folder may look as the figure below:  
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Log 

 

The ‘Log’ folder, contains application log files for the SV-X Data Development tool. If the user 

encounters errors within the application they will be logged in text files with .log file extensions. 

These files may be copied and sent forward to assist in diagnosis and resolution of any issues 

encountered when using the software. 

Downloading Census Data 
In order create SoVI values the user needs to have both the SF1 and ACS census data for the desired 

state(s) within which the area of study is located. The following information will outline how to 

navigate to the download location of this information. In our example shown below we will 

demonstrate how to download data for Georgia. 

SF1 Data 

The Summary File 1 Urban/Rural Update File adds urban and rural population and housing unit 

counts to the 2010 Census Summary File 1 released in 2011. The update provides detailed tables on 

age, sex, households, families, relationship to householder, housing units, detailed race and 

Hispanic origin groups and group quarters population for each of the nation's urbanized areas and 

urban clusters, and for the urban and rural portions of the United States, states, counties and places. 

Available in American FactFinder. 

To download Summary File 1 Urban/Rural Update File please follow the example below. 

1. Browse to the census website ftp://ftp2.census.gov/ and click on census_2010 
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2. Click on 04-Summary_File_1 

 

3. Click on Urban_Rural_Update. 
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4. Click on Georgia and download ga2010.ur1.zip. Next the user should extract the contents of 

the compressed file to SF1 folder within the SoVI root directory (For example, 

C:\ProgramData\SoVIDataExtractor\Data\Census_Files\SF1) 

 

 

Note: After completing this step the user should have a folder names ga2010.url where ga is the 

abbreviation of the state downloaded. 
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ACS data 

The American Community Survey (ACS) collects data on an ongoing basis to provide every 

community with the information they need to make important decisions. Unlike the SF1, the ACS 

collects data from a sample population that is selected from all counties and county-equivalents in 

the United States. The 5-year estimates represent 60 months of collected data for all area and 

represent the largest sample size and the most reliable data from the ACS and is best used for 

examining tracts and other smaller geographies. 

To download ACS 5-Year data for a given state please follow the steps below. The example 

downloads ACS 5-Year data for Georgia. 

1. Browse back to the census website ftp://ftp2.census.gov/ and click on acs2010_5yr (or 

acs2012_5yr, this example uses the 2006-2010 data). 
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2. Click on 2006-2010_ACSSF_By_State_All_Tables/ 

 

3. Click on Georgia and download Georgia_Tracts_Block_Groups_Only.zip. Extract the contents 

from the compressed file to the 2010 subfolder within the SoVI data directory (For example, 

C:\ProgramData\SoVIDataExtractor\Data\Census_Files\ACS\2010 folder). In case of more 

recent acs2012_5yr data, the data should be unzipped to the 

C:\ProgramData\SoVIDataExtractor\Data\Census_Files\ACS\2012 folder). 
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ftp://ftp2.census.gov/acs2010_5yr/summaryfile/2006-2010_ACSSF_By_State_All_Tables/Georgia_Tracts_Block_Groups_Only.zip 

 

Gathering Needed GIS Data 
This section summarizes preparation of hazard, measures, parent area boundary and study area 

boundary data that are used in the SV-X Data Development Tool in preparation for the SV-X 

Analysis application. The first set of steps preparing the hazard data set and the second set of steps 

are optionally used if measure data are to be provided. 

Important projection information 

In order to work with the SV-X Data Development Tool and the Social Vulnerability Analysis 

application, hazard data, measure data, and boundary data uploaded must be projected in 

GCS_WGS_1984 coordinate system(WKID: 4326).   
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In ArcGIS, this can be done using the projection tool in the Data Management toolset. When 

choosing the output coordinate system choose Geographic -> World -> WGS 1984. 

 

 

 

Preparing Hazard Data 

The Social Vulnerability Analysis application makes use of user-loaded hazard polygon dataset to 

count vulnerable populations at risk from the study-area in the “with” project conditions and 

“without” project conditions. The hazard dataset supported by the SV-X Analysis application is an 

ESRI GIS shapefile data file containing polygons and attributes defining the extents of hazard area. 

The 100-year (1%) and 500-year (0.2%) flood inundation risk areas would be two examples of 

hazard areas.   

As for example, for flood risk GIS data sourced from FEMA’s National Flood Hazard Layer (NFHL), 

the RISK attribute column values are derived in the following way:     

“0.2 PCT ANNUAL CHANCE FLOOD HAZARD” is used when the SFHA_TF value is ‘F’ and 

ZONE_SUBTY value is “0.2 PCT ANNUAL CHANCE FLOOD HAZARD” 

“1 PCT ANNUAL CHANCE FLOOD HAZARD” is used when the SFHA_TF value is ‘T’ and ZONE_SUBTY 

value is “NULL” 

An example of creating a 500 Year flood risk GIS data set using FEMA NFHL data is illustrated as 

follows: 

1. Add to ArcMap the S-Fld_Haz_Ar feature class  
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2. Selecting .2% and 1% Flood Risk Polygons by selecting Select by Attributes from the Selections 

menu and select SFHA_TF = 'T' OR ZONE_SUBTY = '0.2 PCT ANNUAL CHANCE FLOOD HAZARD 

 

3. Export the newly created feature class to a geodatabase place (e.g. default.gdb), and save it with 

a relevant name (e.g. GeogiaFlood)  

4. Reproject the created flood layer (GeogiaFlood in this example) to WGS 1984 using the project 

tool. Choose Geographic -> World -> WGS 1984. -> Creates GeogiaFlood_Project(reprojected 

data goes to default.gdb (by default). For further details see instructions in the section on 

Important Projection Information. 

5. Convert the feature class to a shapefile using the “Feature Class to Shapefile” tool and save it. 



 

32  SV-X Social Vulnerability eXplorer - User Guide 

 

 

Preparing Measure Data 

 

The SV-X’s map, is able to portray cartographic lines representing “existing” and “proposed” civil 

works measure that mitigate hazards, such as levees and dams.  Users may upload an “existing” 

measure shapefile and/or a “proposed” measure shapefile. The geometry of each shapefile must be 

of a POLYLINE type, which contains linear features (and not polygons).  

The figure below illustrates the attribute columns of a measure shapefile containing levees:  

 

While the measures themselves are unique, each of them and a possible combination of the 

measures constitute a unique ‘alternative’ to mitigate the hazard. For example, if in a study area, 

there is one existing measure Levee A and another proposed measure Levee B, then the possible 

‘alternative’ shapefiles could be as below: 
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             Levee A shapefile                    Levee B shapefile                    Levee A and B shapefile                  

   

Preparing Boundary Data 

A boundary shapefile can be used to provide a polygon to identify a parent area. Similarly another 

boundary shapefile can be used to identify a study area. Both needs to be a single polygon that 

demarcates the area of interest (parent area or study area). However, it is not required that the 

user have prepared parent area or study areas defined by shapefile. The user is able to specify the 

extents of the parent and study areas within the SV-X Data Development tool as well. 

 

 

Note: It is recommended that all the unnecessary Fields from uploaded shapefiles (Hazard, 

Measure, or Boundary) are deleted in order to make the data footprint as minimal as possible. Since 

the labeling of the GIS data in the SV-X Data Development Tool uses the input description from the 

user, only the OBJECTID (FID) and Shape (Geometry) fields are required.  

In order to delete fields from shapefiles, please follow the steps below: 

1. In ArcCatalog, open Delete Field tool and select the feature class created above 
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2. Select All in the drop field menu (checked ones get deleted). 

 

Application Use 

Required Data Development Steps 

Creating a Parent Area 

The user begins by creating a Parent Area using the Parent Area Creation wizard. The parent area is 

a large area that contains the entire geography for which census profile attributes should be 

calculated. In order for proper statistical analysis the parent area must include at least 100 tracts 

for processing. If the area in question is rural in nature it may be required that other adjoining 

areas to ensure that the 100 tract minimum is achieved. 

To create a Parent Area the user should begin by clicking the New button on the Parent menu. 

 

This will launch the Parent Area Creation wizard. The first step shown is the Welcome step as 

shown below. 
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After reviewing the information on this step the user can click the Next button to continue. 

Note the steps contained within the wizard are shown along the left side and the current step the 

user is on is highlighted in blue. 

The next step, Census Data, in the Parent Area Creation Wizard involves defining a name for the 

parent area and uploading the SF1 and ACS Census data that was downloaded previously. Any 

states previously processed will be available for selection. The user should enter a name for the 

Parent Area into the Parent Area Name field. 
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To add state census information the user should click the Add New State button. Clicking this 

button will bring up the Add New Census Data form.  
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The user should browse and select the SF1 and ACS data for the state(s) where the parent area will 

reside. All other data fields on this form will be filled out automatically for the user based on the 

census data selected except for source URL where the user should enter a value. Once all 

information is entered the user can click the OK button to continue. 

 

The user should have some appreciation for the Census data being used in calculations in order to 

understand the value and quality of the data being leveraged. While the SF1 data represents data 

that is more accurate it is collected with less frequency. The ACS data represents more current data 

but the data is based on a sample population instead of the entire population so it is less statistically 

accurate. For more information on problems with census data see Problems with Data on page 37 

of Social Vulnerability Analysis Methods for Corps Planning, (Dunning and Durden 2011). 

Once the user has returned to the Census Data step of the Parent Area Creation wizard they can 

click Next to continue.  

The next step of the Parent Area Creation wizard is Profile Attributes.  
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This step displays information about the profile attributes for each state utilized in this parent area. 

(1) The user can toggle between multiple state information using the State picklist selection. (2) 

The user can review the definition, formula and error rate of each profile attribute using the grid at 

the bottom of the form. (3) The user can select one of the profile attributes in the grid to display a 

histogram of profile attributes in the top of the form. More information about what is contained on 

each tab can be found below. (4) The user may modify the histogram to either view tracts, block 

groups or both in the histogram using the radio button selections available on the bottom of the 

form. 

The bar chart is showing the count of Tracts (Or Block Groups) on the vertical axis, and the selected 

Profile Attribute value on the horizontal axis. Note the Current Profile Attribute above the graph 

reminds you that the chart is in the context of a particular Profile Attribute, for a particular State.  

The Definition tab contains the most basic information about each profile attribute, and will be the 

same, regardless of which State is selected. 

The following information is displayed for each Profile attribute: 

• Profile Attribute: The Terse name of the profile attribute.  

• Type: whether this is an ACS or SF1 derived profile attribute. 

• Verbose Name: A more detailed and descriptive definition of the Profile Attribute. 
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The Formula tab contains information about the formulas used when calculating Profile Attributes. 

The general form of a profile attribute formula is as follows: 

Profile Attribute Value  = Constant * ( Sum of numerator fields ) / (Sum of Denominator Fields)  

Note the numerator and denominator fields may be positive or negative. In this tab, meta data is 

provided about each Profile Attribute formula, with this assumed structure. 

The following information is displayed for each Profile attribute: 

• Profile Attribute: The Terse name of the profile attribute.  

• Type: whether this is an ACS or SF1 derived profile attribute. 

• Numerator Attribute Count: The number of attributes in the numerator portion of 

the formula. 

• Denominator Attribute Count: The number of attributes in the denominator 

portion of the formula. 

• Total Attribute Count: Sum of the numerator and denominator counts. 

• Equation: an equation defining the formula for deriving the Profile Attribute. 

The Error tab contains information about what data was missing or malformed when attempting to 

compute the Profile Attributes. Attributes involve computing a ratio of two sums: a sum of 

numerator fields, and a sum of denominator fields (See the Formula section above for a description 

of the structure of the formula). When any attribute in a sum is null, or “missing”, the value will be 

treated as 0 during Profile Attribute calculation. This tab will display metadata explaining how 

many values in the numerator and denominator were null, or “missing”. Moreover, if the entire 

dominator sum evaluates to zero, the resulting Profile Attribute value will be null since division by 

zero is undefined. This tab provides metadata relating to this. 

Below is a complete description of all the attributes shown in the Errors tab: 

• Profile Attribute: The Terse name of the profile attribute.  

• Type: whether this is an ACS or SF1 derived profile attribute. 

• Block Group/Tract: This field is used to define whether the listed values are for 

block groups or tracts when the Tracts & Block Groups radio button is selected. 

There are then two rows for each profile attribute, one providing details related to 

the tract and the other details on the block group. 

• Null Attributes: the count of Tracts (Or Blockgroups) that contain a null value for 

this Profile Attribute.  

• Zero Denominators:  the count of Tracts (Or Blockgroups) that encountered a 

division by zero error for this Profile Attribute calculation, resulting in a null value 

for that Profile Attribute. 

• Null Numerators: the number of attributes that had a null, or “missing” value in the 

numerator of the Profile Attribute formula. 

• Null Denominators: the number of attributes that had a null, or “missing” value in 

the denominator of the Profile Attribute formula. 



 

40  SV-X Social Vulnerability eXplorer - User Guide 

• Null MOE Numerators (ACS only): the number of attributes in the numerator of 

the Profile Attribute formula, that had a null or missing “Margin of error” value.  

• Null MOE Denominators (ACS only): the number of attributes in the denominator 

of the Profile Attribute formula, that had a null or missing “Margin of error” value.  

• Average MOE (ACS only): The average calculated Margin of Error value for this 

profile attribute across all Tracts (Or Blockgroups).  

• Highest MOE (ACS only): The average calculated Margin of Error value for this 

profile attribute across all Tracts (Or Blockgroups).  

• Lowest MOE (ACS only):  The average calculated Margin of Error value for this 

profile attribute across all Tracts (Or Blockgroups).  

• Average PE (ACS only):  The average percent error between the Profile Attribute 

value, and (Profile Attribute Value + Margin of Error). 

• Lowest PE (ACS only):  The lowest percent error between the Profile Attribute 

value, and (Profile Attribute Value + Margin of Error). 

• Highest PE (ACS only):  The lowest percent error between the Profile Attribute 

value, and (Profile Attribute Value + Margin of Error). 

Once the user has reviewed the profile attribute information the user can click Next to continue. 

The next step of the process involves defining the parent area. The choice of “parent area” is 

another important consideration when developing a SoVI. Vulnerability of an area of interest is 

statistically described in relation to the vulnerability characteristics of a larger geographic area (the 

parent area). Choosing an appropriate area of interest that provides observable variation in the 

variables of interest allows for a more relevant analysis. Users of both the SoVI should consider 

selecting a parent area large enough to produce meaningful relative values in the distribution of 

vulnerability characteristics. 

At a minimum, the user should define the parent area as the entire area under study to include all 

hazard impact areas where applicable. In order for statistical accuracy it is necessary that the user 

include at least 100 tracts in the parent area. In rural areas this may mean that the area much be 

much larger than the area of concern however, later in the process the user will have the 

opportunity to limit the parent area further to define a potentially smaller study area. 

The user has two options in defining their study area, they can select an area on the map or import 

a boundary shapefile that defines the parent area. For further instruction on creating a shapefile for 

use as the parent area see Preparing Boundary Data.  

If the user opts to import a shapefile they should click the Load Parent Area from Shapefile button 

and browse and select the shapefile. After selection the boundary of the shapefile will be 

highlighted on the map and the area inside the selected area will be highlighted blue. 



 

SV-X Social Vulnerability eXplorer - User Guide  41 

 

If the user would like to select the areas on the map to define the parent area they can do so in 

several ways. They can expand the tree and select check the box beside counties, MSAs or HUCs to 

be included in the parent area or the user can click on the Select by Point tool and click on the areas 

within the map the user would like to include in the parent area. A single click selects a location 

while a second click on this location will remove that area from the user’s selection. It is important 

to note that it is anticipated that all selected areas are contiguous (have adjacent boundaries). If the 

user attempts to select areas on the map that are not contiguous they will receive a message stating 

that the areas they attempted to select are not contiguous and the non-contiguous area will not 

select or highlight on the map. 

 

The following is a description of the features available on this step of the Parent Area Creation 

wizard. 
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1. The ability to change between displayed map layers. The user can elect to view the map 

with boundary lines for counties (default), MSA, or by 2, 4, 6, 8, 10, or 12 digit HUC by 

selecting the desired option from the picklist 

 

2. The user can select whether or not they would like the base map layer to display. By default 

the base map, which includes road, major cities and water bodies, is displayed for the user. 

If the user doesn’t wish to view the base map or does not have an internet connection they 

can uncheck the box and the base map will no longer display. 
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3. The home option returns the user to the original map image that displayed when the user 

navigated to the Parent Area step of the Parent Area Creation wizard which displays the 

entire state(s) selected for this parent area. 

4. The zoom into map option zooms into the current area of the map by one zoom level when 

the user presses the button. To zoom in more the user can click the button again. 

5. The zoom out of map option zooms out of the current area of the map by one zoom level 

when the user presses the button. To zoom out more the user can click the button again. 

6. Specify viewpoint by mouse selection allows the user to click and drag an area of the map to 

zoom into. When the user releases the mouse button the map will zoom into the area 

selected by the user. 

7. The pan option allows the user to pan the map 

8. The zoom to previous viewport option allows the user to return to the previous map view 

9. The zoom to last viewport option allows the user to return to the last map view 

10. The user can modify the zoom level ratio of the map by selecting an option on the list 

 

11. The user can define the parent area by selecting an area on the map as a polygon using this 

feature. After selecting this option from the map toolbar the user will mark a point of the 

polygon each time the user clicks on the map with the mouse. On the last point of the 

polygon the user selects they should double click on the point to select the area as the 

parent area. 
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12. The user can specify specific counties, MSAs or HUCs (depending on the current displayed 

layer) by selecting this option from the map toolbar and then clicking on locations (such as 

counties) on the map. 

13. Clear selection allows the user to remove all currently selected items from the parent area 

14. The identify feature allows the user the ability to click on the map and identify the location 

the user clicks on. For instance, if the currently displayed layer is counties and the user 

selects this option and clicks on the map then the name of the selected county will appear. 

To turn off this feature the user can simply select another item on the map toolbar. 

 

After defining the appropriate area for the parent area the user can click Next to continue with the 

Parent Area creation wizard. 

The next step of the Parent Area Creation wizard displays the calculated values of the SOVI, Social 

Vulnerability Index, for tracts that were included in the defined parent area. Each column 
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represents a principal component that were calculated using principal component analysis. 

Principal components analysis statistically combines a number of dimensions of highly correlated 

variable measures of social vulnerability (profile attributes) into a smaller number of uncorrelated 

variables called principal components. For more information on how the SOVI values are developed 

and calculated please review Section 4.2 and Appendix B of the Social Vulnerability Analysis Methods 

for Corps Planning, (Dunning and Durden 2011). 

The user should work to define an appropriate name for each principal component. It is possible to 

identify those profile attributes that have a value of >= 0.5 indicating higher levels of social 

vulnerability for the dimension to assist in the naming process. Profile attributes with values that 

exceed this threshold are highlighted in red for the user to designate their importance. The user can 

sort the profile attributes to see all profile attributes of significance for a particular principal 

component by clicking on the Profile Attribute header to sort the values. 

 

At this point the user can hover over each profile attribute to review the verbose name for that 

profile attribute and then name the principal component accordingly. Examples may include 

Poverty, Race, Gender, Age, Wealth, and Urban. 

Each of these principal components will either positively or negatively impact ones social 

vulnerability. For instance, if a principal component indicates wealth then that would reduce one’s 

vulnerability. In this instance the cardinality of the wealth principal component would be negative 

since it reduces ones vulnerability. Conversely, poverty would be set to a positive value since it 

increases ones vulnerability. 

The information below the profile attributes provides variance attribute information. Each of the 

variance variable values provided are described below. 

SS_Loadings: Sum of squared loadings, which is the eigenvalue for each principal 

component.  
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Proportion_Var: The proportion of variance explained by each principal component. 

Cumulative_Var: The proportion of variance explained cumulatively by each of the 

principal component starting from the first one i.e. PC1. 

Proportion_Explained: The fraction of variance explained by each principal component as 

a part of the total variance explained by all the components together. 

Cumulative_Proportion: The cumulative fraction of variance explained by each principal 

component as a part of the total variance explained by all the components together. 

 

Once all principal components have been reviewed, named appropriately and the cardinality set 

appropriately for each principal component the user can click Next. The tool will then sum the 

principal components together to determine the social vulnerability score for each tract. 

The next step of the Parent Area Creation wizard displays the calculated values of the SOVI, Social 

Vulnerability Index, for block groups that were included in the defined parent area. Each column 

represents a principal component that were calculated using principal component analysis as with 

the values for tracts in the previous step. The user should assign names and cardinalities for the 

principal components for the block groups in the same way they did in the previous steps for tracts 

and then click Finish to complete creation of the Parent Area. 

 

After the tool completes calculations of the SoVI scores for all block groups the parent area will 

display under the list of available parent areas. If the user wishes to review the values selected 

during the creation process the user can select the parent area and then review the values entered 

to the right by selecting the appropriate option. By default the Census Data utilized will display. 
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If the user wishes to view the profile attribute information or Calculate SOVI principal component 

information they can select those tabs. 

 

Creating a Study Area 

After creating a parent area the user needs to define the area of study. The creation of a study 

allows the user to create a more refined area to designate as the study, optionally create measures 

and alternatives for potential projects and identify the potential hazards under study. 

To create a study based on an existing parent area the user should select the parent area they wish 

to base the study on and click the New button on the Study ribbon. 



 

48  SV-X Social Vulnerability eXplorer - User Guide 

 

Clicking the New button will launch the Study Creation wizard. The first step involves selection of 

the appropriate parent area, defining a name for the study area and a description as desired. Once 

the user has completed this information they can click Next to continue. 
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The next step of the Study Creation wizard allows the user to define the area of study and optionally 

to define any existing structures they would like to include on the map. The user can define the 

study area by using one of three methods: 1) selecting counties on the map, 2) loading a shapefile 

that designates the extent of the study area or 3) by defining the entire parent area as the study 

area. 

1. The user can select the counties to include in the study area using the A) select by point or 

B) select by polygon map toolbar options available.  

A. The user can define the parent area by selecting an area on the map as a polygon using 

this feature. After selecting this option from the map toolbar the user will mark a point 

of the polygon each time the user clicks on the map with the mouse. On the last point of 

the polygon the user selects they should double click on the point to select the area as 

the parent area. 
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B. The user can specify specific counties by selecting this option from the map toolbar and 

then clicking on locations (such as counties) on the map. 

2. The user can select a shapefile to define the study area by selecting the radio button beside 

Load From Shapefile under Study Selection Method. At this point a window will 

automatically open to allow the user to browse and select the appropriate shapefile. 
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3. The user can define the entire parent area as the study area by selecting the radio button 

Parent is Study area. 

The features available to the user on this step include: 

1. The user can optionally add a shapefile that shows any existing levees, dams, or other 

infrastructure important to the study by selecting a line shapefile using the Existing 

Condition field ( ). Once selected the line will display on the map by default. 

 

2. The Show Condition checkbox determines whether or not the existing condition line 

shapefile is displayed on the map. The Show Condition checkbox is on by default but the 

user may uncheck this box to prevent it from displaying on the map. 

 

3. The user can select whether or not they would like the base map layer to display. By default 

the base map, which includes road, major cities and water bodies, is displayed for the user. 

If the user doesn’t wish to view the base map or does not have an internet connection they 

can uncheck the box and the base map will no longer display. 
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4. The home option returns the user to the original map image that displayed when the user 

navigated to the Parent Area step of the Parent Area Creation wizard which displays the 

entire state(s) selected for this parent area. 

5. The zoom into map option zooms into the current area of the map when the user presses 

the button. To zoom in more the user can click the button again. 

6. The zoom out of map option zooms out of the current area of the map when the user 

presses the button. To zoom out more the user can click the button again. 

7. Specify viewpoint by mouse selection allows the user to click and drag an area of the map to 

zoom into 

8. The pan option allows the user to pan the map 

9. The zoom to previous viewport option allows the user to return to the previous map view 

10. The zoom to last viewport option allows the user to return to the last map view 

11. The user can modify the zoom level ratio of the map by selecting an option on the list 

 

12. The user can define the parent area by selecting an area on the map as a polygon using this 

feature. After selecting this option from the map toolbar the user will mark a point of the 

polygon each time the user clicks on the map with the mouse. On the last point of the 

polygon the user selects they should double click on the point to select the area as the 

parent area. 
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13. The user can specify specific counties to include in the study, by selecting this option from 

the map toolbar and then clicking on counties on the map. Clicking on a county once selects 

it and clicking on it again will deselect the county and remove it from the selection. The user 

needs to ensure that all counties selected are contiguous. 

14. Clear selection allows the user to remove all currently selected items from the parent area 

15. The identify feature allows the user the ability to click on the map and identify the location 

the user clicks on. For instance, if the currently displayed layer is counties and the user 

selects this option and clicks on the map then the name of the selected county will appear. 

To turn off this feature the user can simply select another item on the map toolbar. 

 

Once the study area has been defined using one of the above three methods the user can click Next 

to continue. 
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The next step of the Study Creation wizard, Measures, allows the user to define the potential 

measures under consideration. While measures are not required where they don’t relate to the 

project under review, they do allow the user to tie geometry line data to each potential project 

option. 
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In this example, the project proposes three potential measures, rehabbing levee A, building levee b 

or building levee c. Any and/or all of these potential measures are under consideration. The user 

can enter a name and optionally a code and proposed action line geometry for each measure and 

then the user can click Next to continue. 

The next step in the Study Creation wizard is Events. Events identify the potential hazards that the 

measures will protect against. In keeping with the example above, the potential hazards under 

review are the 1% Annual Flood Chance and 0.2% Annual Flood Chance.  
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Once the user has entered a name and optionally an event description the user can click Next to 

continue. 

The last step of the Study Creation wizard relates to the creation of the project alternatives where 

applicable to the study being created. In continuation of the example above we will create seven 

alternatives to represent each of the possible project alternatives based on the previously defined 

measures: 

1. No Action 

2. Rehab Levee A 

3. Build Levee B 

4. Build Levee C 

5. Rehab Levee A and Build Levee B 

6. Build Levee B and C 

7. Rehab Levee A and Build Levee B and C 
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The user should note that the No Action alternative is developed for the user by default and 

represents the hazards impact if no changes are made. In this case the areas of flooding if a 100 

year flood event or 500 year flood event were to occur. The no action alternative is required and 

should not be removed by the user. 

Geometry (polygons) to identify the flood inundation area should be available for each of the 

alternative/hazard combinations. For additional information on preparation of these hazard 

geometries please review Preparing Hazard Data. 

On this final step of the Study Creation wizard the user should create each potential alternative 

giving each a name and identifying which measures are related to each alternative and optionally 

defining a code and description for each alternative. 

 

After the user enters each measure, the user should click the plus ( ) beside each alternative to 

expand each alternative and associate each hazard geometry for that alternative as shown below. 



 

58  SV-X Social Vulnerability eXplorer - User Guide 

 

Repeat this process for all listed alternatives. 
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Once all alternatives have hazard data associated to each alternative/hazard combination the user 

can click Finish to create the study. 

The study will now be displayed under the Parent Area. Again here the user may select the Study 

and view the information entered for the study to the right. 
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Publishing Data 

Now that the parent area and study areas have been created with all their needed information the 

user can publish the parent and study area for review and analysis in the SV-X Analysis tool. Do 

publish the created information the user should first publish the parent area and then after that the 

user should publish the study. 

The user should click the Publish Data button on the Home ribbon to initiate the publication 

process. 

 

A default Oracle Database Connection has been provided for the user and should be utilized to 

publish the data to CorpsMap.  The user should leave the default Oracle Database Connection 

selected for the user. 
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To proceed with publication the user can click the Publish Now button beside the Parent Area they 

wish to publish. Please note that the user should publish the parent area and then the publish will 

enable to allow the user to publish a related study. 

 

The user will receive the following dialog and should click Start to continue with the publication 

process. 
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Please note that the Close button is disabled and a progress indicator appears above the window 

describing the data being published. When the publication is complete the Close button will enable 

and the progress indicator will disappear. 

After the user completes publication of the parent area they should initiate the publication of the 

study data by clicking the Publish Now button. 

 

 

The user will see the same dialog used for publication of a parent area. The user should click Start 

to start publishing the study. 

 

Again here detailed information on what information is being published will display to the right, 

with a progress bar above the information and the Close button disabled until the process 

completes. 

 Once the study has completed publication the user can click Close.  

The study will now have a Study URL that the user can click on to launch the SV-X Analysis tool and 

view this study. 
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The user’s default web browser will now open and begin loading this study into the SV-X Analysis 

tool. Once loading completes the user should see a study area similar to the image below. 

 

The user can proceed to SV-X Analysis to learn more about how to use this tool. 
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Other Features and Functions 

Viewing Parent Area information 

The user can view information that was entered for existing parent areas by selecting the parent 

area from the list and then selecting the appropriate tab of information they wish to view. The 

census data information will be displayed by default. 

 

If more than one state is included in the parent area, the user can update the displayed information 

to other states by changing the selected state shown in the Select Census State field. 

 

The user can review the other information by selecting the appropriate tab of information. Clicking 

on Profile Attributes will display profile attribute information and Calculate SoVI displays the 

names, cardinalities and related profile attribute values. 
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Editing an Existing Parent Area 

The user may wish to modify an existing parent area. To do this the user should select the parent 

area they wish to edit and then click the Edit button on the Parent ribbon. 

 

This will start the Parent Creation wizard the user utilized in the creation of the parent area. The 

user can step through the wizard and update the necessary information. 

Please note that on the Census Data step the user will be prompted whether they would like to 

replace the processed census data for the state(s) used in this parent area. Unless the user updated 

the census information from what was previously processed the user can click No to continue 

without reprocessing. 

 

Exporting the Parent Area 

In some cases it may be helpful to allow the user to export the information developed for a parent 

area to a spreadsheet so that the user can work with and manipulate the data. To do so, the user 

should select Export from the Parent ribbon. 
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The user will receive the dialog shown below where they can select options for export. 

 

The user should select the parent area which they would like to export information for. Then the 

user can specify whether they would like to export census data, principal component information 

or SoVI Z-Score values for either tracts, block groups or both in either SHP or CSV file format. The 

CSV file contains comma separated values that can be opened in Microsoft Excel for review and 

manipulation. The SHP file format, shapefile, is a popular geospatial vector data format for use in 

Geospatial Information Systems (GIS) such as ESRI products.  

Once the user has selected the appropriate options they can click Export to export the files. The 

user will then be prompted to select a location for the files to be created. 

 

The user should select and/or create a location to save then files and then click the OK button. 

The user will then receive confirmation after the data has been exported. 
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Shapefile exports combine chosen Census Data, Principal Components, and SoVI attributes into 

either a single block group shapefile, a single tract shapefile or both block group and tract 

shapefiles.  Each tract and block group shapefiles contains the full complement of SV-X attribute 

data including Census Data variables and profile attributes, Principal Components, and SoVI 

attributes.  Similarly, one set if CSV files is created for block groups and another for tracts, 

depending on which (or both) census unit levels is chosen.  Each shapefile and CSV file will files 

contain a row for each block group or tract.   

CSV Export Files: For CSV file exports, if all options are checked Census Data, Principal Component, 

and SoVI data files along with a readme.txt file will be provided to complete the block group and 

tract export datasets. 

CensusData.csv files: Each row will have the following columns: block group/tract identifier, 

population, H00010001 (housing), and a column for each of the 28 social vulnerability profile 

attributes’ values. Thirteen of the profile attributes are derived from Census SF1 data, these have 

only one column each in the census CSV. The other fifteen come from the ACS data, and these have 

five columns each: one for the profile attribute and four to describe the sampling error associated 

with the profile attribute. The columns with tailing “_M” store a derived margin of error for the 

profile attribute value. Columns with tailing “_PE” store the percent error which is calculated by 

dividing the margin of error by the profile attribute value. Columns with tailing “_L” contain the 

profile attribute value minus the margin of error. Columns with tailing “_U” contain the profile 

attribute value plus the margin of error. Together, the _L and _L values include error information 

and provide a value range of possible values for each ACS derived profile attribute.  For example, 

the PERCAP is the profile attribute for Per capita income – it is derived from ACS. In the 

Tractcensusdata.CSV, and BlockGroupsCensusData.CSV the per capita income profile attribute will 

have five columns: PERCAP, PERCAP_M, PERCAP_PE, PERCAP_L, PERCAP_U.  

PrincipalComponentData.csv files:   Each row will have a block group/tract identifier, population of 

each block group/tract, and one or four Z-score columns for the profile attributes depending if they 

were derived from SF-1 or ACS. The thirteen profile attributes derived from the SF-1 will each have 

one column for storing its Z-score, e.g. QBLACK_Z.   The fifteen ACS derived profile attributes will 

have four attribute columns for storing Z-scores: “_Z” for storing Z-score based on the standard 

deviation of the values of that profile attribute, “_Z_U” for storing Z-score of the upper value (based 

on upper value of the profile attribute value plus the margin of error), “_Z_L” for storing the Z-score 

of the lower value (based on lower value of the profile attribute and standard deviation of the lower 

value scores i.e. profile attribute value minus the margin of error), and “_Z_All” for storing the Z-

score of the profile attribute (based on the value of the profile attribute and the standard deviation 

of the combined upper and lower values).  

SoVI CSV files contain a row for each block group/tract and each row will have a block group/tract 

identifier, population of each block group/tract, a series of principal component columns (number 
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of principal columns may vary and are a function of the number of principal components 

determined to capture the significant non-random variance in the 28 profile attributes), and a SoVI 

Z-Score column. 

A readme_parentname.txt file will also be provide that includes the Parent ID, Parent Area Name, 

and information the source of the census SF-1 and ACS datasets used. 

 

Shapefile Exports: If the user elects to download the shapefiles instead of the csv then all stored 

information will be supplied along with geospatial information about each block group or tract so 

that the information can be imported and manipulated in a GIS. 

Each row in the block group and tract shapefiles will have the following columns: block group/tract 

identifier, population, H00010001 (housing), and a column for each of the 28 social vulnerability 

profile attributes’ values. The formulas used to derive each profile attributes values from SF1 and 

ACS data sources are provided in the APPENDIX.  Thirteen of the profile attributes are derived from 

Census SF1 data, these have only one column each in the shapefile attribute table. The other fifteen 

come from the ACS data, and these have five columns each: one for the profile attribute and four to 

describe the sampling error associated with the profile attribute. The columns with tailing “_M” 

store a derived margin of error for the profile attribute value. Columns with tailing “_PE” store the 

percent error which is calculated by dividing the margin of error by the profile attribute value. 

Columns with tailing “_L” contain the profile attribute value minus the margin of error. Columns 

with tailing “_U” contain the profile attribute value plus the margin of error. Together, the _L and _L 

values include error information and provide a value range of possible values for each ACS derived 

profile attribute.  For example, the PERCAP is the profile attribute for Per capita income – it is 

derived from ACS. In the tract and block group shapefiles, the per capita income profile attribute 

will have five columns: PERCAP, PERCAP_M, PERCAP_PE, PERCAP_L, PERCAP_U. 

In addition, each row in the shapefile will have one or four Z-score columns for the profile 

attributes depending if they were derived from SF-1 or ACS. The thirteen profile attributes derived 

from the SF-1 will each have one column for storing its Z-score, e.g. QBLACK_Z.   The fifteen ACS 

derived profile attributes will have four attribute columns for storing Z-scores: “_Z” for storing Z-

score based on the standard deviation of the values of that profile attribute, “_Z_L” for storing the Z-

score of the lower value (based on lower value of the profile attribute and standard deviation of the 

lower value scores i.e. profile attribute value minus the margin of error), “_Z_U” for storing Z-score 

of the upper value (based on upper value of the profile attribute value plus the margin of error), 

and “_Z_All” for storing the Z-score of the profile attribute (based on the value of the profile 
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attribute and the standard deviation of the combined upper and lower values). In the PERCAP 

example introduced above, the tract and block group shapefiles will have four additional columns 

for its z-scores: PERCAP_Z, PERCAP_Z_ALL, PERCAP_Z_L, PERCAP_Z_U, and PERCAP_Z_ALL. 

Finally, each row in the shapefile will also have a series of principal component columns (number of 

principal columns may vary and are a function of the number of principal components determined 

to capture the significant non-random variance in the 28 profile attributes), and SoVI Z-Score 

columns for the census units.  

Deleting a Parent Area 

If the user wishes to delete a parent area they can click the Delete button on the Parent ribbon. 

 

The user will be presented with a list of all the parent areas they have created and they can click the 

Delete button beside any parent area they wish to delete. 

 

Once a parent area has been deleted it is no longer available for the user along with any studies that 

were created under this parent area. 

Viewing Study Area information 

If the user wishes to review what information was entered for a study they can select the study and 

then the measures, events and alternatives for that study will be available for review. By default, 

Measures information is displayed. 
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To view Events information the user should click on Events. 
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The information displayed will update to the events. 
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Finally the user can select the Alternatives tab to view that information. Each row can be expanded 

to see what event geometry was utilized for each hazard. 
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Editing a Study Area 

To edit an already created study the user should click the Edit button on the Study ribbon. 

 

Once the user clicks the Edit button the Study Creation wizard that was utilized to originally create 

the study will be launched but the wizard will now state all the information that was entered during 

the initial creation of the study. The user can click Next to go through the wizard, making the 

needed updates as they proceed.  

Deleting a Study Area 

To delete a study area the user should click the Delete button on the Study ribbon. 
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A list of all the studies the user has created will be displayed and the user should click the Delete 

button next to each study they wish to delete. 

 

Clean Databases 

After finishing and publishing a new Parent Area dataset, it is recommended that you clean and 

optimize your Spatial Database. This will perform some internal cleanup routines that will make the 

application perform faster in future runs. The cleanup may take several hours, however, so do not 

run the Clean unless time is available. To start cleaning the database click the Clean Databases 

button on the Home ribbon. 

 

Next, click the Clean button beside the Spatial Database. 

 

 

The user can also clean their parent area databases by clicking the Clean button beside the parent 

area or the user can click the Clean All Databases button to clean all listed databases. 
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SV-X Analysis 

Once the study area’s dataset has been published to the Oracle database, the user can launch the 

Analysis tool and analyze the social vulnerability of the study area and the population at risk under 

without and with project conditions.  To access the study area dataset in the Analysis tool, the user 

clicks the link available in the SV-X Data Development Tool, or the user can access the tool using 

CorpsMap. There is no installation required for the Analysis tool. The user simply accesses the tool 

through a web browser via a web address.  

The user can access the tool in two ways, either from the SV-X Data Development Tool where the 

study was published from or through Corps Map. 

Accessing SV-X Analysis through SV-X Data Development Tool 
 

 

The link for the studies published on this machine through the SV-X Data Development Tool can be 

accessed directly through the SV-X Data Development tool. Once the user launches the SV-X Data 

Development Tool the user can click the Publish button on the Home ribbon. 
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Next the user should expand the parent area under which the study was published by clicking the + 

button beside the parent area. 

 

The Study URL field beside each published study will provide a link to view that study in the SV-X 

Analysis tool.  
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Accessing the SV-X Analysis through CorpsMap 
To access the tool through CorpsMap the user should access CorpsMap at https://rsgis-

maps.crrel.usace.army.mil/apex/cm2.cm2.map?map=UOC. 

 

Then along the left side the user can expand USACE Civil Works and check the box for SV-X 

Modeling Locations. 
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Next the user should select Popup Info Query. 
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The user can then draw an area around the study location on the map. Note the user will see red 

outlined gray areas to indicate where published studies exist on the map. 

 

Then the user can click on the SV-X Link. Please note that if more than one study exists in this 

location the user will have to select between them. In this instance both the North San Gabriel study 

was completed using 2010 and 2012 ACS data so the user must select the appropriate link to utilize. 
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Once the Analysis tool opens, the selected study information will display.  

 

Depending on the number of alternatives and hazards, the tool may take a bit of time to load but the 

user will continue to see a spinning icon in the middle of the map until all information is loaded and 

available for review. 

Once the information has loaded the user can get acquainted with the interface and the available 

analysis options. 
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Banner 

 

The application banner consists of: 

1. The title of the application, IWR Social Vulnerability Analysis; 

2. The study name, date study was created, number of tracts included in the study area, and 

number of block groups in the study area; 

3. An option to display principal component information for both the existing condition and 

the selected alternative(s) 

4. Modify the map boundaries and panel populations to change between tract or block group 

views, 

 

5. Variable overlay options for the vulnerability, hazard and condition layers. These controls 

allow the user to specify the opacity of the layers on the map by sliding to one side or the 

other. The user can modify each of these overlays separately or modify the opacity for all 

layers at once using the All slider.  

The Vulnerability layer controls the opacity of the layer that has the blue to red color 

scheme identifying the SoVI Z-Score range.  

Please note that there are block groups and/or tracts that are not shaded to indicate areas 

where SoVI values are not calculated. In these instances census information is not available 

to calculate SoVI values for these block groups or tracts. It may be that the area is an airport 

or other location that doesn’t have a population. 
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The Hazard Layer controls the opacity of the hazard area defined on the map using a 

hatched theme.  

The Conditions Layer allows the user to control the opacity of the existing condition and 

proposed new structures line geometry where applicable. 

 

6. Modify the base map displayed,  

 

7. Turn on and off the conditions overlay,  
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8. Display information about the data sources utilized in the development of this data source 

are available when the user clicks the Show Data Source button. Information included the 

parent area identifier, parent area name, and census data version for both the SF1 and ACS. 

 

9. Download a Microsoft Excel report of the block group or tract information (depending on 

what’s displayed in the analysis tool when downloaded) for each population percentages in 

each SoVI value range for each alternative by clicking on the Download Report button. 
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Principal Components 
Principal components are useful derived variables that describe significant correspondences among 

social vulnerability profile attributes.   The Show Principal Components button augments the 

Existing Condition’s SoVI Z-score depiction of the study area population (above the map) with a 

corresponding breakdown of social vulnerability in terms of the more detailed principal 

components the SoVI is based on.   

 

The Show Principal Components button also augments the display of the SoVI Z-score depiction of 

the social vulnerability of the population at risk in the selected Alternative, below the map, with a 

breakdown of social vulnerability in terms of the more detailed principal components.  This is 

illustrated in the figure below: 

 

The variance in the values of the 28 original social vulnerability profile attributes explained by each 

principal component is displayed above each of the principal component panels.  Above the 

variance in a red font is the equation used for calculating the SoVI from the principal components.  

This is illustrated in the figure above. 
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Map Features 

 

1. Zoom 

The user can zoom into and out of the map using the plus and minus buttons on the map. Each click 

will zoom in or out one zoom level. 

 

2. Zoom to Study Area Extent 

The user can zoom to the extent of the study area using this feature. 

 

3. Map Scale 

The map scale allows the user to gather information about the approximate distance between 

locations on the map. 

 

Show More Risks 
By default, alternative panels for the first hazard is displayed.  
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The user can click the Show More Risks button to see the other hazards that were defined as part of 

the study.  

 

In our example the 500 Year Flood panels are displayed and when the user clicks the Show More 

Risks button to see the other hazard, in this example the 100 Year Flood panels. 
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The user should click the Show box to display the hazard on the map. 

 

Once the user does this notice the map updates to display the additional hazard area designated in 

the color currently selected, in this case red. 
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Modifying the Hazard Display Color 

The user can modify the color of the hazard on the map by clicking the color hashed square. Each 

time the user clicks the block it changes to another color. 

 

In this example, we will update the 100 year flood inundation area to be green by clicking on the 

color box once. Notice the map also updates and the 100 year flood inundation area is now green 

instead of red. 
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Each time the user clicks the colored square the color is toggled to a new color and the map updates 

accordingly. 

 

Modifying the Alternative Display Color 

The user can modify the color of the cartographic display of the measures in the map associated 

with each alternative by clicking the color square available under each alternative’s first hazard 

listing. By default, all alternatives will be set to different colors but the update can update these as 

desired. In addition, only the geometry associated with the selected alternative will display on the 

map. 
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To display the geometry associated with an alternative the user should select that alternative by 

clicking the radio button for that alternative. 

 

Note the geometry for Levee B now displays on the map in red and it updates the flood inundation 

area to demonstrate that no flooding would occur behind the proposed levee. 

 

The user can change the color of the geometry on the map click the color square. 



 

SV-X Social Vulnerability eXplorer - User Guide  91 

 

The geometry for that alternative will now update on the map from red to green. 

 

 

Viewing and Analyzing the Information 
Depending on how the data was created and for what purpose can impact the usefulness of the 

information in different situations. Some example scenarios on how the data can be viewed and 

analyzed will be described below. 

Project With and Without Analysis 

The tool is capable of analyzing the impacts of social vulnerability on proposed project alternatives 

by reviewing the study area population and the potential hazards that are addressed by completion 

of a particular project alternative. 
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In the example below we will evaluate a proposed project in Tulsa where one levee already exists 

but requires some rehab in order to be effective and potentially building two additional levees. For 

our purposes we will call the existing levee, Levee A and the other two potential levees that could 

be constructed Levee B and C. 

In the image below the existing condition represents the population of study area and the 

percentage of their populations in each SoVI Z-Score range. Reviewing this information tell us that 

the population in the study area range from 0.096% of the population in the most vulnerable range, 

5.23% are considered in the next most vulnerable population and ranging all the way to 0.00% of 

the population considered the most resilient (SoVI Z-Score <= -3.0).  

This information could then be compared to the flood inundation area populations to determine the 

vulnerability of the populations that are in the flood inundation areas. This can also be viewed on 

the map to visually see the color coding of the portions of the map that fall within the hatched areas. 

The 100 year flood inundation area is shown as a yellow hatched area while the 500 year flood 

inundation area is shown as a red hatched area. 

 

The user can compare the existing condition (population of the study area) and to the populations 

impacted by the different hazards shown and then further compare those results to how different 

alternatives impact the hazard populations. 
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In this example, the population of the existing condition (study area population) is 705,417 people 

total.  

 

Currently, the population in the flood inundation area that would be impacted in a 500 year flood 

event is 50,652. 

 

Currently, the population that would be impacted in a 100 year flood event is 43,921. 

 

We can then see the impact of the proposed alternatives on the population at risk in the flood 

inundation areas. The total population in the study area is 705,417 and if nothing is done (no 

action) 43,921 people would be impacted by a 100 year flood event and 50,652 people would be 
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impacted by a 500 year flood event. However, the user can see that if we build Levee B then that 

number would be reduced so that 41,594 people would be impacted by a 100 year flood event and 

46,228 people would be impacted by a 500 year flood event. 

 

The user can also update the map display to visually see the change in the hazard areas if Levee B 

was developed by clicking the radio button for this alternative. 
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The user can now compare the flood impacts visually between no action and the building of levee B. 

The user can see that Levee B is now drawn on the map as a red hashed line and the area behind the 

levee is no longer shown as part of the flood inundation area when comparing the two maps. 

No action map: 

 



 

96  SV-X Social Vulnerability eXplorer - User Guide 

Build Levee B map: 

 

If the user elects to complete alternative where Levee A rehab is completed and Levee B and C are 

constructed the flood inundation areas are further reduced to 36,718 people in the 100 year flood 

inundation area and 40,586 people in the 500 year flood inundation area. 

 

By comparing the different populations and visual cues available on the map the user can begin to 

understand and evaluate the impacts to different portions of the population at risk. 
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Environmental Justice 

Closely allied to the concept of social vulnerability… is that of environmental justice (EJ). 

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 

Populations and Low-Income Populations, mandates that each federal agency “identify and 

address, as appropriate, disproportionately high and adverse human health or environmental 

effects of its programs, policies, and activities on minority populations and low-income 

populations.” The EJ Executive Order was created to combat the fact that poor and minority 

groups often have been exposed to greater human health and safety risks than society at large 

and have borne more than their share of the negative effects of development. The EO directs 

federal agencies to disclose the distribution of social and environmental effects on 

minority and poor populations and to ensure that such groups are afforded opportunities to 

fully participate in agency decision-making procedures.  

Dunning M. and Durden S.E., 2009. Handbook on Applying 

“Other Social Effects” Factors in Corps of Engineers Water 

Resources Planning. 09-R-4. U.S. Army Corps of Engineers, 

Institute for Water Resources Planning, page 38.  

Note: Bold underlining added for emphasis. 

The SV-X combines floodplains and other hazard areas with Social Vulnerability Index (SoVI) Z-

score values at the U.S. Census block group and track level to support understanding the relative 

social vulnerabilities of populations at risk from environmental hazard in a study area. SoVI Z-

scores are composite values based on sums of multiple social vulnerability factors. The inclusion of 

race and poverty and other social vulnerability factors, including age, gender, housing information, 

and urban and rural characterization in the SoVI formulation enable depiction of social 

vulnerability variation among census units in a study area. This information enables evaluating the 

proportionality of vulnerable populations included in “with” condition of plans being considered 

versus the “without” condition. 

 The figure below illustrates the SV-X Analysis tool row of two panels illustrating two 

structural protection alternatives, and social vulnerability of populations at risk in each. The first 

panel describes the social vulnerability of the population at risk without implementing a structural 

mitigation project. This is called the “No-Action” or “without condition” alternative. The No Action 

alternative reveals the social vulnerability proportions distribution of the population at risk 

without a future structural project to protect them. The panel to the right of No-Action, “Alternative 

1” represents a structural protection measure to modify the dam to reduce the risk of breach that 

the plan is considering.   
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The tables in the two panels illustrate the social vulnerability of the residual population remaining 

at risk for that alternative. The table consists of three columns. The first column displays the count 

of population at risk (‘PAR’) for each row’s social vulnerability group. The groups represent 

standard deviation above (positive ranges) and below the mean (negative ranges). The second 

column, ‘Delta’, displays the population in the study area that are not at risk of the threat of the 

hazard. The third ‘%’ column presents the percentage of the total population at risk that social 

vulnerability group represents. 

Combination of multiple factors of social vulnerability within one derived SoVI attribute for each 

census unit makes analyzing social vulnerability of places at risk from environmental hazard 

straight forward. Mixing other factors such as age, gender and urban/rural characterization with 

minority and poverty components into the SoVI, however, obscures focus from minority and poor 

populations at risk in alternative hazard mitigation plans making it too blunt an instrument for EJ 

analyses because it.    

To address this limitation of the SoVI and assist planners of structural protections from flood and 

storm effects in conducting EJ analyses, SV-X Data Development tool provides datasets and the SV-X 

provides displays and datasets that enable examining the distribution of minority and poor 

populations at risk in context of each of their alternative plans.  To do so, the SV-X Analysis tool 

provides users with the ability to identify, view, and work with principal component factors that 

express the proportionality of the vulnerable minority and poor population distribution across the 

census units of the study area, and within the hazard areas of planned alternatives.  
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Principal Component Factors 

Clicking on the “Show Principal Components” button near the top left of the SV-X Analysis’ screen as 

shown in the figure below, displays the distribution of the PAR in terms of principal component 

factors the SoVI score is based on.   

 

Figure EJ2. Show Principal Components button.  

The figure below shows a zoomed out view of the row of panels enabling drilling down into the 

social vulnerability of the population at risk from dam breach in the “Without” condition. The first 

panel to the right of the legend displayed in yellow shows the proportionality of the vulnerable 

populations in the “No Action” alternative. The panels the right show the proportionality of the 

vulnerabilities of the population in each of six principal components of social vulnerability.   These 

are: Wealth, Race and Poverty, Urban, Age, Education, and Gender (not shown in Figure but 

available by scrolling the panels to the right.)  

 

The figure below illustrates the display of the “%” column in the panels to enable evaluation of 

proportionality of population vulnerability for the No Action alternative, in terms of:  inverse 

“Wealth” (i.e. lack of wealth in PC1, first principal component), “Race and Poverty”.    
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The figure below shows the proportionality of population vulnerability for Alternative 1, a dam 

modification project), in terms of: inverse “Wealth”, and “Race and Poverty”.  

 

The figure below show a zoomed in portion of the floodplains for the “Without” and “With” 

conditions superimposed on a vulnerability map depicting race and poverty. White areas have 

average race and poverty principle component scores, pink areas - higher than average scores, and 

blue areas - lower than average scores. 

 

The figure below depicts the SV-X Data Development tool’s screen containing the profile attribute 

loadings for each principal component sheds light on the definition of the composition of the social 

vulnerability principal components.  The loadings of the most strongly correlated profile attribute 

of the second principal component support understanding the “Race and Poverty” variable, and 

explain its relevance to Environmental Justice evaluation of alternative plans.   
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Analysts of Environmental Justice seeking to develop a more direct assessment of profile variables 

that describe the minority and poor populations in the study area can extract text files in CSV 

format and GIS shapefiles using the Data Development tool. Relevant data columns are identified 

below.  

Relevant social vulnerability profile attributes describing spatial distribution of minority 

populations: 

1. SF1: Z_QBLACK - Percent of population who are African American 

2. SF1: Z_QNATAM - Percent of population who are Native American 

3. SF1: Z_QASIAN - Percent of population who are Asian or Hawaiian Islanders 

4. SF1: Z_QHISP - Percent of population who are Hispanic 

5. ACS: Z_QESL – Percent of persons 18 and older speaking English as a second language with 

limited English proficiency 

 

Relevant social vulnerability profile attributes describing spatial distribution of poor populations: 

1. ACS: Z_QPOVTY – Percent of the civilian non-institutionalized population living below poverty 

level 

2. ACS: Z_PERCAP – Per capita income (in dollars) 

3. ACS: Z_QCVLUN – Percent of population of workforce age (16-64 years) who did not work in the 

past 12 months (direct) 

4. ACS: Z_QED12LES  – Percent of the population 25 years or older with no high school diploma 

(direct) 
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5. SF1: Z_QRENTER  – Percent of housing units that are renter occupied  

6. ACS: Z_MDGRENT  – Median gross rent (in dollars) for renter occupied housing units paying 

cash rent 

7. ACS: Z_MDHSEVAL – Median value (in dollars) of owner occupied housing units 

8. ACS: Z_QMOHO – Percent of housing units that are mobile homes 

9. ACS: Z_QFAM – Percent of own children under 18 living in married couple families 

10. ACS: Z_QFHH - Percent of households that are female headed, with no spouse present 

11. ACS: Z_QRICH200K – Percent of households earning $200,000 or more 

12. ACS: Z_QNOAUTO - Percent of occupied housing units with no automobile 



 

SV-X Social Vulnerability eXplorer - User Guide  103 

Life Safety 

The SV-X Analysis tool can help identify socially vulnerable populations at risk in possible dam 

break and levee failure scenarios. In the figure below, the map illustrates the inundation area of a 

dam break scenario, superimposed on depiction of the social vulnerability of the population at risk.  

 

As shown in the figure below, the No Action alternative describes the social vulnerability of the 

population at risk. 

 

There are 46,219 people at risk from inundation by the dam break. Most of the population are 

average or below average vulnerability. 7,887 people (>17% of the population are of average 
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vulnerability, of which 1,064 (2.3%) are more than one and less than two standard deviations 

above average vulnerability.  

Clicking on the Show Principal Components button displays the six principal components: Poverty, 

Wealth, Ethnicity, Age, Urban, and Dense Population as shown below.    

 

Examiniation of the principal components reveals that the vulnerabilty domension with the most 

extreme values is Age.  Figure LS4 illustrates that 0,422 or greater than 22% of the population at 

risk are greater than 1 standard deviation older than the average population, 3,151 or 6.7% are 

more than 2 standard deviations older than the average population, and 1,329 or 2.9% are at the 

extremes of age at 3+ standard deviations above the mean.  The image below illustrates the spatial 

distribution of the age vulnerabilities of the population at risk.   
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Emergency Management 

Emergency evacuation plans that include the time and routes for evacuation for different hazards 

and conditions are created. In the event of these situations, how do we efficiently and effectively 

leverage the available resources to support the evacuation efforts? Many people will heed an 

evacuation order and have the resources available to remove themselves from harm’s way but 

other more vulnerable people may need support in this effort.  

The SV-X Analysis tool can also support emergency management applications by determining the 

location of the vulnerable populations within a potential evacuation zone. Vulnerable populations 

are both less likely to evacuate in an emergency situation and are also limited in their ability to 

recover from a disaster situation so it is important to understand and know the location and 

makeup of these vulnerable populations in comparison with evacuation routes in order to provide 

the most critical support and resources to evacuation and to also support the recovery of these 

vulnerable populations. 

To leverage the SV-X Analysis tool to support this kind of analysis the user should create a parent 

area and study area that covers the evacuation area with only one hazard, the immediate hazard in 

question, and no alternatives. Once that parent area and associated study has been created and 

published the areas where the most vulnerable populations are located are graphically available for 

review on the map. 

In the example shown below, the evacuation of the impact area of a hurricane is reviewed. The 

coastal areas around the Galveston, TX are reviewed. 

As you can see below after creating a parent area that included the coastal areas around Galveston, 

TX and then creating a study with only one hazard that outlined the evacuation zone you can 

publish and review the vulnerabilities of the people in the evacuation areas. 
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By reviewing the No Action alternative the user can see that if the dam were to break that 677,022 

people would be in harm’s way (in the evacuation area) and of those 677,022 people in harm’s way 

only about 2% of the population are in the most vulnerable classes of people and the vast majority 

are considered at least somewhat resilient and in a position to remove themselves from harm’s 

way. 

 

References 
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