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|. Introduction

Scientific evidence shows that the climate is changing in the Midwest. In Indiana, average
annual temperatures have increased 1.2°F since 1895 and by the late 21t century are projected
to increase an additional 6-10°F. Precipitation is becoming heavier and more damaging in the
winter and spring, and water is becoming less plentiful in the summer and fall, with implications
for agriculture, ecosystems, and flood frequency and severity. To help the state of Indiana
prepare for these impacts, Indiana University’s Environmental Resilience Institute developed
the Hoosier Resilience Index.

Designed to help local decision makers understand the path to making their communities more
resilient to climate change, the Hoosier Resilience Index provides:

e Current data and future projections for extreme heat and extreme precipitation events;

e A platform local government officials and employees can work through to evaluate how
sensitive their residents and developed, natural, and agricultural areas may be to
increasing heat and precipitation; and

e Aseries of self-evaluation worksheets and scores to help local governments understand
their current preparedness and identify and prioritize new initiatives and policies to
increase resilience.

Climate change will not impact every city, town, and county in the same way, or to the same
extent. To lower community risk, local governments have a responsibility to ensure that critical
community structures and services are prepared, and that preparedness is equitably addressed
across neighborhoods and households.

The Environmental Resilience Institute intends for the Hoosier Resilience Index to be easy to
use and understand, informative, objective, inspiring, and accessible to the diverse array of
cities, towns, and counties within the state and beyond. It uses Indiana-specific data

about future environmental conditions. Although the tool will initially be designed for an
Indiana audience (and the data are Indiana specific), the Index is intended to be relevant across
a range of community sizes in the Midwest. The Index helps communities understand where to
focus their attention and provides a methodology for measuring progress towards resilience.
The Index is intended to complement, not duplicate, existing tools for climate-related
vulnerability assessments.

Being resilient means we will be able to deal with change in ways that equitably protect the
health, welfare, and economic vitality of our human and ecological communities. Being resilient
is not about running away from our way of life or waiting for the worst to happen, but growing
toward stronger, cleaner, healthier, safer, and more vibrant communities. Communities in

the Midwest want to become more resilient. This tool helps users understand the gravity of
climate change, that adaptation and mitigation are important, and preparedness is necessary,
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feasible, and unique to each community. The Index also allows communities to understand
their specific risks, strengths, and weaknesses to help them set priorities.

The purpose of this Technical Document is to explain the process used to develop the Hoosier
Resilience Index, identify specific data sources, and provide additional information so that users
and prospective replicators may understand the intricacies of the tool. As with any tool, the
Index will improve as people use it and provide feedback to staff at the IU Environmental
Resilience Institute. Please send any comments or feedback to resindex@iu.edu.
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lI. Climate Vulnerability

The Indiana Climate Change Impacts Assessment (Widhalm et al., 2018) identifies rising average
annual temperatures and rising average annual precipitation as the most significant climate
change impacts in the state. To understand how these impacts will affect communities in
Indiana, the Hoosier Resilience Index provides data on four key vulnerability indicators for every
county and incorporated city and town in Indiana:

e Extreme heat

e Extreme precipitation
e Floodplain land use

e Social vulnerability

The sections below provide the methodologies and sources used for each indicator.

Extreme Heat

The average number of days per year with extreme heat is calculated for each Indiana county,
for two time periods: current (1971-2000), and the 2050s (2041-2070) under two scenarios,
resulting in three extreme heat event totals overall. The current data are based on
observational weather data, and the data for the 2050s are based on climate projection data
for “medium” and “high” greenhouse gas emission scenarios, also referred to as the
Representative Concentration Pathways 4.5 and 8.5 scenarios (RCP45 and RCPg 5, respectively;
Van Vuuren, et al., 2011).

RCP4.5 assumes that countries around the globe will simultaneously and effectively
reduce greenhouse gas emissions (Thomson et al., 2011).

RCPs.s assumes that countries around the globe do not try to achieve greenhouse gas
reductions, resulting in a high level of greenhouse gas emissions (Riahi et al., 2011).

The Hoosier Resilience Index defines extreme heat events as days with highs 90°F or greater
and nights with lows 68°F or greater. Increasing daytime and nighttime temperatures are
hazardous to human health, especially for sensitive populations (e.g. children, the elderly, low-
income households, outdoor workers; Filippelli, et al., 2018). The Extreme Heat data provided
only account for the frequency of extreme temperatures and do not explicitly include humidity.
Nighttime low temperatures, however, provide a close approximation of the dewpoint
temperature (and, therefore, humidity). Increased humidity exacerbates the health implications
of extreme heat, as illustrated in the National Weather Service’s Heat Index (See Figure 1).
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Figure 1. Heat Index (National Oceanic and Atmospheric Administration and
National Weather Service, 2019).

The total number of extreme heat events is the sum of High Heat Days, High Heat Nights, and
High Heat Days with High Heat Nights.

High Heat Days (HD): Number of days, on average per year, where daily high
temperature (T) is 90°F or greater and daily low temperature is less than 68°F.

Tmax = 90°F AND Tmin < 68°F

High Heat Nights (HN): Number of days, on average per year, where daily high
temperature (T) is less than 90°F and daily low temperature is 68°F or greater.

Tmax < 90°F AND Tmin = 68°F

High Heat Days with High Heat Nights (HDHN): Number of days, on average per year,
where the daily high temperature (T) is 90°F or greater and daily low temperature is
68°F or greater.

Tmax = 90°F AND Tmin = 68°F

Three Extreme Heat data points are calculated per county in Indiana.

Current Extreme Heat: The 30-year (1971-2000, i.e. current period) average number of

observed days with temperature highs 90°F or greater (i.e. High Heat Days), the 30-year
average number of observed days with temperature lows 68°F or greater (i.e. High Heat
Nights), and the 30-year average number of observed days with temperature highs 90°F
or greater and lows 68°F or greater (i.e. High Heat Days with High Heat Nights).

2050s Extreme Heat, Medium Emissions Scenario: The 30-year (2041-2070, i.e. 2050s
period) average projected number of days identified as High Heat Days, High Heat
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Nights, and High Heat Days with High Heat Nights, as calculated with the Representative
Concentration Pathway 4.5.

2050s Extreme Heat, High Emissions Scenario: The 30-year (2041-2070, i.e. 2050s
period) average projected number of days identified as High Heat Days, High Heat
Nights, and High Heat Days with High Heat Nights, as calculated with the Representative
Concentration Pathway 8.5.

Data Sources

The input observation data used to generate the current Extreme Heat data were provided by
Alan Hamlet (University of Notre Dame) and the Purdue Climate Change Research Center,
which coordinated the Indiana Climate Change Impacts Assessment (Hamlet et al., 2018; Byun
and Hamlet, 2018).

The input projected data used to generate both 2050s Extreme Heat scenario data were also
provided by Alan Hamlet (University of Notre Dame) and the Purdue Climate Change Research
Center using an ensemble of 10 statistically downscaled global climate model simulations
(Hamlet et al., 2018; Byun and Hamlet, 2018).

Both datasets were processed by Scott Robeson (Indiana University) to obtain the combination
of high and low temperatures.

Data Scale

Extreme Heat data are calculated for each county in Indiana.

Calculation — Current Data

Current High Heat Days (HDc¢): 30-year average number of observed days with

temperature highs 90°F and greater and temperature lows less than 68°F.
1
n
L, during year, i, divided by the total numbers of years, n.

C=1971-2000

i1 HDc 1 ;: sum (2) of number of High Heat Days (HD) for period, C, location,

L = Each Indiana county
i=1971, 1972, 1973...2000
n=30

Current High Heat Nights (HNc): 30-year average number of observed days with
temperature highs less than 90°F and temperature lows 68°F or greater.
& i1 HN¢ i sum (2) of number of High Heat Nights (HN) for period, C,

n
location, L, during year, i, divided by the total numbers of years, n.
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C=1971-2000

L = Each Indiana county
i=1971,1972,1973...2000
n=30

Current High Heat Days with High Heat Nights (HDHNc): 30-year average number of
observed days with temperature highs 90°F or greater with temperature lows 68°F or
greater.

% i1 HDHN, ; ;: sum (Z) of number of High Heat Days with High Heat Nights

(HDHN) for period, C, location, L, during year, i, divided by the total numbers of
years, n.

C=1971-2000

L = Each Indiana county
i=1971,1972,1973...2000
n=30

Temperatures: All temperatures were calculated and are displayed in degrees
Fahrenheit.

Tmax: daily high temperature
Tmin: daily low temperature
Tmax.y: daily high temperature for location, L, and year, Y

Tminyy: daily low temperature for location, L, and year, Y

Current Extreme Heat

= Current High Heat Days + Current High Heat Nights
+ Current High Heat Days with High Heat Nights

= HD; + HN; + HDHN,

Where Tmax,y and Tmin,y =
observed daily temperature high and low (respectively) for location, L, and year,Y

HD; = Current High Heat Days

n

1 Z HDC,L,I + HDC,L,Z + b + HDC,L,n
== CLi =
n

i=1
HD = High Heat Days ; Tmax,y = 90°F AND Tmin,y < 68°F
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HN; = Current High Heat Nights

1 = HNC,L,l + HNC,L,Z + + HNC,L,TL
= —Z Nepi = n

i=1
HN = High Heat Nights; Tmax,y < 90°F AND Tmin,y = 68°F

HDHN; = Current High Heat Days with High Heat Nights

n
1 HDHN, + HDHN + .-+ HDHN,
_ T_lz HDHN,,; = cL1 CL2 cLn

n
i=1

HDHN = High Heat Days with High Heat Nights;
Tmax,y < 90°F AND Tmin,y = 68°F

Calculation — 2050s Data

Projected High Heat Days (HDp): 30-year average projected number of days with
temperature highs 90°F or greater and temperature lows less than 68°F.

% i1 HDp 1 ;: sum (2) of number of High Heat Days (HD) for period, P, location,
L, during year, i, divided by the total numbers of years, n.

P =2041-2070

L = Each Indiana county

i=2041, 2042, 2043,..2070

n=30

Projected High Heat Nights (HNp): 30-year average projected number of days with
temperature highs less than 90°F and temperature lows 68°F or greater.

1 i HNp | ;: sum (Z) of number of High Heat Nights (HN) for period, P,

n
location, L, during year, i, divided by the total numbers of years, n.

P =2041-2070

L = Each Indiana county
i=2041,2042,2043,..2070
n=30

Projected High Heat Days with High Heat Nights (HDHNp): 30-year average projected
number of days with temperature highs 90°F or greater with temperature lows 68°F or

greater.
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% i1 HDHNp | ;: sum (Z) of number of High Heat Days with High Heat Nights

(HDHN) for period, P, location, L, during year, i, divided by the total numbers of
years, n.

P =2041-2070

L = Each Indiana county
i=2041,2042,2043,..2070
n=30

Temperatures: All temperatures were calculated and are displayed in degrees
Fahrenheit.

Tmax: daily high temperature
Tmin: daily low temperature
Tmax,y: daily high temperature for location, L, and year, Y

Tminyy: daily low temperature for location, L, and year, Y

2050s Extreme Heat

= Projected High Heat Days + Projected High Heat Nights
+ High Heat Days with High Heat Nights

= HDp + HNp + HDHNp

Where Tmax,y and Tminyy =
observed daily temperature high and low (respectively) for location, L, and year,Y

HDp = Projected High Heat Days

n

_ 1 HDP,L,I + HDP,L,Z + + HDP,L,TI
= - § PLi =
n

i=1

HD = High Heat Days ; Tmax,y = 90°F AND Tmin,y < 68°F

HNp = Projected High Heat Nights

1 - HNP,L,l+HNP,L,2+.“+HNP,L,7L
= 70, s = n

=1

UN = High Heat Nights; Tmax,y < 90°F AND Tmin,y = 68°F
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HDHNp = Projected High Heat Days with High Heat Nights

n
1 HDHN + HDHN + .-+ HDHN
_ Ez HDHN,,; = PL1 I;,LL,Z PLn

=1
HDHN = High Heat Days with High Heat Nights;
Tmax,y < 90°F AND Tmin,y = 68°F

Extreme Precipitation

The average number of days per decade with an extreme precipitation event is calculated for
each Indiana county for two time periods: current (1971-2000) and the 2050s (2041-2070)
under two scenarios, resulting in three extreme precipitation event totals overall. The current
data are based on observational weather data, and the 2050s projected data are based on
climate projection data for “medium” and “high” greenhouse gas emission scenarios, also
referred to as the Representative Concentration Pathways 4.5 and 8.5 scenarios (RCP45 and
RCPs s, respectively; Van Vuuren, et al., 2011).

RCP45 assumes that countries around the globe will simultaneously and effectively
reduce greenhouse gas emissions (Thomson et al., 2011).

RCPs. s assumes that countries around the globe do not try to achieve greenhouse gas
reductions, resulting in a high level of greenhouse gas emissions (Riahi et al., 2011).

The Hoosier Resilience Index defines extreme precipitation events as days with precipitation of
2 inches or greater. Extreme precipitation events, especially rain, increase flooding risk, which
can endanger lives, damage property, and wash fertilizer and sediment from agricultural fields
(Widhalm et al., 2018). The Extreme Precipitation data only account for how many days per
decade an extreme precipitation event occurs and do not explicitly address the intensity of
those events. For example, a 2 inch storm on one day is counted as one event, and a 4 inch
storm on another day is also counted as one event. The severity of extreme precipitation
impacts is dependent on many other factors, such as soil moisture, topography, land cover, and
groundwater hydrology (Hoegh-Guldberg et al., 2018).

The number of extreme precipitation events is given in terms of the number of days per decade
with precipitation of 2 inches or greater.

Extreme Precipitation Days (PDext): Number of days, on average per decade, when daily
precipitation (P) is 2 inches or greater.

P > 2 inches

Three Extreme Precipitation values are calculated per county in Indiana.
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Current Extreme Precipitation: The 30-year (1971-2000, i.e. current period) average
number of observed days per decade with precipitation of 2 inches or greater (i.e.
Extreme Precipitation Days).

2050s Extreme Precipitation, Medium Emissions Scenario: The 30-year (2041-2070, i.e.
2050s period) average projected number of days identified as an Extreme Precipitation
Day, as calculated with the Representative Concentration Pathway 4.5.

2050s Extreme Precipitation, High Emissions Scenario: The 30-year (2041-2070, i.e.
2050s period) average projected number of days identified as an Extreme Precipitation
Day, as calculated with the Representative Concentration Pathway 8.5.

Data Sources

The input observation data used to generate the Current Extreme Precipitation data were
provided by Alan Hamlet (University of Notre Dame) and the Purdue Climate Change Research
Center, which coordinated the Indiana Climate Change Impacts Assessment (Hamlet et al.,
2018; Byun and Hamlet, 2018).

The input projected data used to generate the projected Extreme Precipitation data were also
provided by Alan Hamlet (University of Notre Dame) and the Purdue Climate Change Research
Center using an ensemble of 10 statistically downscaled global climate model simulations
(Hamlet et al., 2018; Byun and Hamlet, 2018).

Both datasets were processed by Scott Robeson (Indiana University) to obtain the number of 2
inch storms per decade, on average.

Data Scale

Extreme Precipitation data are calculated for each county in Indiana.

Calculation — Current Data

Current Extreme Precipitation Days (PDex:,c): 30-year average number of observed days,
multiplied by 10 to get a per-decade value, with daily precipitation at or above 2 inches.

170 | PDgytc1,i - sum (Z) of number of Extreme Precipitation Days (PDex:) for

period, C, location, L, during year, i, divided by the total numbers of years, n,
multiplied by 10 to achieve a per decade value.

C=1971-2000

L = Each Indiana county
i=1971,1972,1973...2000
n=30
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Current Extreme Precipitation Score
= Current Extreme Precipitation Days

= PDgyt.c
Where P,y = observed daily precipitation for location, L,and year,Y

PDgyt ¢ = Current Extreme Precipitation Days
n
10 _ PDgxtcr1+ PDpxecrat "+ PDexecin
= PDgxtcLi =
i=1

n

PDgye = Extreme Precipitation Day; 2.0 inches < Py

Calculation — 2050s Data

Projected Extreme Precipitation Days (PDex:,p): 30-year average projected number of
days, multiplied by 10 to get a per-decade value, with daily precipitation at or above 2
inches.

% [ PDgytp i - sum (Z) of number of Extreme Precipitation Days (PDex:) for

period, P, location, L, during year, i, divided by the total numbers of years, n,
multiplied by 10 to achieve a per decade value.

P =2041-2070

L = Each Indiana county
i=2041,2042,2043,..2070
n=30

Projected Extreme Precipitation Score
= Projected Extreme Precipitation Days
= PDgxtp

Where P,y = observed daily precipitation for location, L, and year,Y

PDgy. p = Current Extreme Precipitation Days

n

_ 10 _ PDgxepr1+ PDexepr2t "+ PDpxepin

- PDExt,P,L,i -

n n
i=1
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PDgy,r = Extreme Precipitation Day; 2 inches < Py

Floodplain Land Use

The Floodplain Land Use data are calculated for each Indiana county and incorporated city and
town using 2010 observation-based land use data from the U.S. Environmental Protection
Agency’s Integrated Climate and Land Use Scenarios (ICLUS) tool and the floodplain dataset
from the “Best Available” Floodplain Mapping dataset of the Indiana Department of Natural
Resources (IN DNR, 2018).

The Hoosier Resilience Index defines floodplain land as land within the 100-year and 500-year
floodplains. The Floodplain Land Use component presents the amount and percent of
floodplain acres per land use group and type. Although the USEPA dataset does model the
projected land use change for 2050 based on population growth, migration, development, and
climatic influences, only the 2010 observation-based land use data are used in the Hoosier

Resilience Index.

Data Sources

Counties

Dataset Title

Census Counties (2000)

URL

https://maps.indiana.edu/previewMaps/Demographics/Census Counties.html

Author U.S. Census Bureau
Publication Date | 10/2002
Data Date 2000

Scale/Resolution

Vector with 1:24,000

Key Features

Shows counties and contains 2000 U.S. Census data regarding race, gender,
age, families, and households. Data are from Census 2000 SF1 tables.

Layer Name(s)

Census_County_TIGEROO_IN.shp

Notes

Only the geographic boundaries were used from this shapefile.

Cities and Towns

Dataset Title

2018 TIGER/Line® Shapefiles: Places, Indiana, Current Place State-based

URL https://www.census.gov/cgi-
bin/geo/shapefiles/index.php?year=2018&layergroup=Places (Place > Indiana)
Author U.S. Census Bureau
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Publication Date

05/2019

Data Date

2018

Scale/Resolution

Vector with 1:500,000

Key Features

Boundaries, roads, address information, water features, and more.

Layer Name(s)

tl_2018_18 place.shp

Notes

Designed for use with GIS (geographic information systems).

Floodplains

Dataset Title

Best Available Flood Hazard

URL

https://www.in.gov/dnr/water/9846.htm

Author

Indiana Department of Natural Resources, Division of Water

Publication Date

2018

Data Date

2018

Scale/Resolution

Vector with maximum (zoomed in) 1:5,000 and minimum (zoomed out)
1:625,000

Key Features

“Best available” floodplains within Indiana

Layer Name(s)

[County_Name]_FloodHazard_BestAvai_DNR_Water.shp

Notes

92 shapes files, one for each county.

“The data layer "Best Available Flood Hazard Area" ("Best Available") is the
Effective [Special Flood Hazard Area] with additional studies that have been
reviewed and approved by the Division of Water. While this data has not yet
been submitted to FEMA for inclusion in the FIRMs or NFHL (DFIRMs), this
data can be used for general planning, construction, and development
purposes.” From https://dnrmaps.dnr.in.gov/appsphp/fdms/.

Land Use

Dataset Title

ICLUS v2.1.1 land use projections for SSP2 and RCP4.5 pathways

URL https://edg.epa.gov/metadata/catalog/search/resource/details.page?uuid=%
7BCO09CEAD-8841-4268-B13E-7D01C51F6010%7D
Author U.S. Environmental Protection Agency, Office of Research and Development-

National Center for Environmental Assessment

Publication Date

07/27/2016 (Last Revised: 03/27/2017)

Data Date

2000-2100

Scale/Resolution

Contiguous U.S. with 90 m x 90 m pixels
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Key Features Primary land use for each location (i.e. pixel)

Layer Name(s) ICLUS_v2_1 1 land_use_conus_2010.tif,
ICLUS v2_1 1 land_use_conus_2050 ssp2_rcp45_giss_e2_r.tif

Notes Only the ICLUS _v2_1 1 land_use_conus_2010.tif was used from dataset.

Methodology documentation: Environmental Protection Agency (US EPA).
(2017). Updates to the Demographic and Spatial Allocation Models to Produce
Integrated Climate and Land-Use Scenarios (ICLUS) (Final Report, Version 2).
DOI: EPA/600/R-16/366F. Available at:
https://cfpub.epa.gov/ncea/iclus/recordisplay.cfm?deid=322479.

Data Scale

Floodplain Land Use data are calculated for every county and incorporated city and town in
Indiana.

Calculation
Select 100-year and 500-year Floodplains

Using ArcMap 10.6, the analysis outlined below was performed to retain only the 100-
year and 500-year floodplains from the Indiana Department of Natural Resources (IDNR)
“Best Available Flood Hazard” shapefiles. The analysis was performed on each of the 92
county files provided by the IDNR. These data were also used for the analysis of
Indiana’s incorporated cities and towns.

ArcToolbox > Analysis Tools > Extract > Select
Input Features: [County name]_FloodHazard_BestAvai_DNR_Water.shp

Output Feature Class: Select_Floodplains_County_Pct.gdb/[County
name]_Select_FloodHazard_BestAvai_DNR_Woater.shp

Expression: "ZONE_SUBTY" <> 'AREA OF MINIMAL FLOOD HAZARD'

Notes: Select the floodplains that are not zoned as “area of minimal flood hazard.”
Selection results in shapefile of A and AE floodplains (100-year) and X floodplains with
“0.2 PCT ANNUAL CHANCE FLOOD HAZARD” (500-year).

Select Extent of 2010 ICLUS Land Use Raster

Using ArcMap 10.6, the below analysis was performed to retain a raster of land use for
the state of Indiana.

ArcToolbox > Data Management Tools > Raster > Raster Processing > Clip

Input Raster: ICLUS v2_1 1 land_use_conus_2010.tif
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Output Extent: IN_State.shp (Census_County_TIGEROO_IN.shp with dissolved
boundaries leaving only the outline of Indiana)

Rectangle: Self populates from “Output Extent”

Use Input Features for Clipping Geometry: Checked

Output Raster Dataset: year_2010.tif

NoData Value: Self populates

Maintain Clipping Extent: Unchecked

Notes: Process one input raster file at a time. Creates raster file of Indiana.
Calculate Area and Percent of Land Use per County and Incorporated Area

Using ArcMap 10.6, the below analysis was performed to tabulate the type of land use within
Indiana counties and incorporated areas.

ArcToolbox > Conversion Tools > From Raster > Raster to Polygon
Input rater: year_2010.tif
Field (optional): Value
Output polygon features: Polygon_ICLUS.gdb/year_2010.shp
Simplify polygons: Checked
Create multipart features: Unchecked
Maximum vertices per polygon feature: Blank

Notes: Creates polygon shapefile from land use raster file for use as Tabulate
Intersection input.

ArcToolbox > Analysis Tools > Statistics > Tabulate Intersection
Input Zone Features: Census_County_ TIGEROO_IN.shp
Zone Fields: GEOID, NAME_L
Input Class Features: year_2010.shp
Output Table: Counties_2018 ICLUS_2010
Class Fields: Gridcode
Sum Fields: Blank
XY Tolerance: [leave field blank]
Output Units: SQUARE METERS

Notes: Creates table with the number of square meters per land use class/type per
Indiana County.
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ArcToolbox > Conversion Tools > Excel > Table to Excel
Input table: Counties_2018 ICLUS_2010
Output Excel File: Counties_2018_ICLUS_2010.xls

Notes: In Excel, the file was processed to calculate the acres and percent of county for
each land use type/class and group.

ArcToolbox > Analysis Tools > Statistics > Tabulate Intersection
Input Zone Features: tl_2018 18 place.shp
Zone Fields: GEOID, NAME_L
Input Class Features: year_2010.shp
Output Table: Incorp_2018_ICLUS_ 2010
Class Fields: Gridcode
Sum Fields: Blank
XY Tolerance: [leave field blank]
Output Units: SQUARE METERS

Notes: Creates table with the number of square meters per land use class/type per
Indiana incorporated area.

ArcToolbox > Conversion Tools > Excel > Table to Excel
Input table: Counties_2018 ICLUS_ 2010
Output Excel File: Counties_2018_ICLUS_2010.xls

Notes: In Excel, the file was processed to calculate the acres and percent of
incorporated area for each land use type/class and group.

Calculate Area and Percent of Land Use with County’s 100-year and 500-year Floodplains

Using ArcMap 10.6, the below analysis was performed to tabulate the type of land use within
Indiana counties’ 100-year and 500-year floodplains.

ArcToolbox > Analysis Tools > Statistics > Tabulate Intersection

Input Zone Features: [County name]_Select_FloodHazard BestAvai_ DNR_Water.shp
Zone Fields: GEOID, NAME_L

Input Class Features: year_2010.shp

Output Table: Counties_Floodplains_2018 ICLUS 2010

Class Fields: Gridcode

Sum Fields: Blank
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XY Tolerance: [leave field blank]
Output Units: SQUARE METERS

Notes: Creates table with the number of square meters per land use class/type for the
100-year and 500-year floodplains within each Indiana county. Batch “Tabulate
Intersection” was perform to analyze all 92 [County
name]_Select_FloodHazard BestAvai_ DNR_Water.shp shapefiles.

ArcToolbox > Conversion Tools > Excel > Table to Excel
Input table: [County name]_Floodplains_2018 ICLUS 2010
Output Excel File: [County name]_Floodplains_2018_ICLUS_2010.xls

Notes: In Excel, the 92 Excel files were appended together and processed to calculate
the acres and percent of county for each land use type/class and group within the
county’s 100-year and 500-year floodplains.

Calculate Area and Percent of Land Use with Incorporated Area’s 100-year and 500-year
Floodplains

Using ArcMap 10.6, the below analysis was performed to tabulate the type of land use within
Indiana incorporated areas’ 100-year and 500-year floodplains.

ArcToolbox > Analysis Tools > Extract > Clip
Input Features: [County name]_Select_FloodHazard BestAvai DNR_Water.shp
Clip Features: t|_ 2018 18 place.shp
Output Feature Class: Select_Floodplains_Places_[County name].shp
XY Tolerance (optional): Blank

Notes: Batch “Clip” was perform to analyze all 92 [County
name]_Select_FloodHazard _BestAvai_ DNR_Water.shp shapefiles.

ArcToolbox > Data Management Tools > General > Merge
Input Datasets: all 92 Select_Floodplains_Places_[County name].shp
Output Dataset: Select_Floodplains_Places_Merged_Counties.shp
Field Map (optional): Left as is

Notes: This creates a shapefile with an attribute table that contains all of the floodplains
within Indiana incorporated areas.

ArcToolbox > Analysis Tools > Extract > Split
Input Features: Select_Floodplains_Places_Merged_Counties.shp

Split Features: tI 2018 18 place.shp
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Split Field: GEOID
Target Workspace: Select_Floodplains_PlacesSplit_Merged_Counties.shp
XY Tolerance (optional): Blank

Notes: Creates a shapefile of floodplains such that floodplains that cross incorporated
area boundaries are split into representative pieces according to the intersected
incorporated area boundary. This allows for only the portion of floodplains within a
specific incorporated area to be used during Tabulate Intersection.

ArcToolbox > Analysis Tools > Overlay > Spatial Join
Target Features: Select_Floodplains_PlacesSplit_Merged_Counties.shp
Join Features: tl_2018_ 18 place.shp
Output Feature Class: Select_Floodplains_NamedPlacesSplit_ Merged_Counties.shp
Field Map of Join Features (optional): Keep all of the target features and join features
Match Option (optional): WITHIN
Search Radius (optional): Blank

Notes: Creates a shapefile with incorporated area attributes joins to the spatially
relevant 100-year and 500-year floodplains.

ArcToolbox > Analysis Tools > Statistics > Tabulate Intersection
Input Zone Features: Select_Floodplains_NamedPlacesSplit_Merged_Counties.shp
Zone Fields: GEOID, NAME_L
Input Class Features: year_2010.shp
Output Table: Incorp_Floodplains_2018 ICLUS 2010
Class Fields: Gridcode
Sum Fields: Blank
XY Tolerance: [leave field blank]
Output Units: SQUARE METERS

Notes: Creates table with the number of square meters per land use class/type for the
100-year and 500-year floodplains within each Indiana county. Batch “Tabulate
Intersection” was performed to analyze all 92 [County name].
Select_FloodHazard _BestAvai_ DNR_Water.shp shapefiles.

ArcToolbox > Conversion Tools > Excel > Table to Excel

Input table: Incorp_Floodplains_2018 ICLUS 2010Count_2018 ICLUS 2010
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Output Excel File: Incorp_Floodplains_2018 ICLUS_2010.xls

Notes: In Excel, the file was processed to calculate the acres and percent of
incorporated area for each land use type/class and group within the incorporated area’s
100-year and 500-year floodplain.

Social Vulnerability

When climate change impacts occur, the most vulnerable populations within a community are
hit first and hardest (Oxfam America, 2019). The inclusion of the Centers for Disease Control
and Prevention’s Social Vulnerability Index (CDC, SVI) and its data in the Hoosier Resilience
Index allows Indiana communities to overlay social vulnerability data with climate impacts to
understand the resilience of their residents to hazardous events such as extreme heat and
floods.

A social vulnerability score is calculated for each census tract in the state of Indiana using the
CDC’s Social Vulnerability Index methodology, as described in the CDC’'s SVI 2016
Documentation (CDC, 2019), and the Census’ 2013-2017 American Community Survey data.
While the CDC uses their SVI to rank census tracts across the United States, the Hoosier
Resilience Index has scaled the SVI methodology to the state of Indiana. Social vulnerability
rankings within the Hoosier Resilience Index compare each Indiana census tract to all of the
other census tracts within the state.

The Hoosier Resilience Index defines social vulnerability using the same definition as the CDC.
What is social vulnerability?

Every community must prepare for and respond to hazardous events, whether a natural
disaster like a tornado or a disease outbreak, or an anthropogenic event such as a harmful
chemical spill. The degree to which a community exhibits certain social conditions, including
high poverty, low percentage of vehicle access, or crowded households, may affect that
community’s ability to prevent human suffering and financial loss in the event of disaster. These
factors describe a community’s social vulnerability (CDC, 2019).

What is CDC’s Social Vulnerability Index?

The Agency for Toxic Substances and Disease Registry’s (ATSDR) Geospatial Research, Analysis
& Services Program (GRASP) created the CDC'’s Social Vulnerability Index to help public health
officials and emergency response planners identify and map the communities that will most
likely need support before, during, and after a hazardous event.

CDC’s SVl indicates the relative vulnerability of every U.S. Census tract. Census tracts are
subdivisions of counties for which the Census collects statistical data. The SVI ranks the tracts
on 15 social factors, including unemployment, minority status, and disability, and further
groups them into four related themes. Thus each tract receives a ranking for each Census
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variable and for each of the four themes, as well as an overall ranking (CDC, 2019). See the SVI
Introduction Video and the SVI Methods Video for more information.

The CDC’s SVI organizes vulnerability into three tiers (see Figure 2):
Tier | includes 15 census variables considered to be the indicators of social vulnerability.
Tier Il groups Tier | variables into four related themes.

e Socioeconomic Status (The Hoosier Resilience Index refers to this theme as
"Socioeconomic vulnerability" to alleviate confusion with the data's
interpretation)

e Household Composition & Disability

e Minority Status & Language

e Housing & Transportation

Tier lll provides an aggregation of the four themes, creating an “Overall Vulnerability”
score.

The SVI methodology produces three ranking options for each census tract: by vulnerability
variable, by vulnerability theme, and by overall vulnerability (Figure 2).

- Rankings are calculated using a percentile ranking method.

- Percentile rank of 0 means least vulnerable; percentile rank of 1 means most vulnerable.

- For example, a census tract with a percentile rank of 0.8 is more vulnerable than 80% of
census tracts across Indiana.

How can CDC’s SVI help communities be better prepared for hazardous events?

The SVI provides specific socially and spatially relevant information to help public health
officials and local planners better prepare communities to respond to emergency events such
as severe weather, floods, disease outbreaks, or chemical exposure (CDC, 2019).

The SVI can be used to:

- Allocate emergency preparedness funding by community need.

- Estimate the amount and type of needed supplies like food, water, medicine, and
bedding.

- Decide how many emergency personnel are required to assist people.

- Identify areas in need of emergency shelters.

- Create a plan to evacuate people, accounting for those who have special needs, such
as those without vehicles, the elderly, or people who do not understand English
well.

- Identify communities that will need continued support to recover following an
emergency or natural disaster. Estimate the amount of needed supplies like food,
water, medicine, and bedding (CDC, 2019).
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SVI Themes SVI Variables SVI Description of American Community Survey Variables®

[ Below Poverty | Percent of persons below federally defined poverty line, a threshold that varies by the

ES composition of household. Denominator is total population where poverty status is check.
: : [ Unemployed | Percent of civilians unemployed based on total population 16 years and older, includes
Socioeconomic + unemployed persons actively seeking work.
Vulnerability

[ Income | Per capitaincomecalculated as the mean income for every person in the census tract.
+

[ No High School Diploma |  Percent of persons 25 years of age and older with less than a 12th grade education,

includingindividuals with 12 grades but no diploma.

[ Aged 65 or Older | Percent of persons 65 years of age or older.
L
Household [ Aged 17 or Younger | Percent of persons 17 years of age or younger.
Composition & L
Disability [ Civilian with a Disability | Percent of civilian population notin aninstitution whoare5 years of age and older with a
Social & disability.
Vulnerability [ single-ParentHouseholds |  Percent male or female householder with children under 18 and no spousepresent.
Index
[ Minority |  Percent minorityinclusive of black, African American, American Indian, Alaska Native,
Minority Status Asian, Native Hawaiian, other Pacific Islander, Hispanic, Latino, other racealone, and two
+ Or more races.

& language

[ Speak English “Lessthan Well” |  Percent of persons 5 years of age or older who speak English less than “well,” “not well,”
or “not al all,” inclusive of all age groups and all languages.

dh [ Multi-Unit Structures | Percent housingunits with 10 or more units instructure (e.g. apartment buildings.)

L ]

[ Mobile Homes | Percent housingunits thatare mobile homes.
Housing & +

T ‘u ! B i [ Crowding | Percent total occupied housing units (i.e. households) with more than one person per
[EDGROTEMOR E room—at household level, more people than rooms.

[ No Vehicle |  Percent households with no vehicle available.

+
Group Quarters Percent of persons who are ininstitutionalized group quarters (e.g. correctional

institutions, nursinghomes) and non-institutionalized group quarters (e.g. college
dormitories, military quarters).

Figure 2. Breakdown of the tiered structure of CDC’s Social Vulnerability Index (SVI; CDC, 2019; Flanagan, et al., 2011). The index is comprised of four
themes (Socioeconomic Vulnerability, Household Composition and Disability, Minority Status and Language, and Housing and Transportation) and each
theme comprises thematically relevant census variables. (Schematic reconstructed and slightly modified by ERI staff for clarity.)
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Data Sources

The input data were pulled from the U.S. Census 2013-2017 American Community Survey.

Data Scale

The Hoosier Resilience Index’s version of the CDC’s Social Vulnerability Index provides data and
rankings for each census tract in Indiana, and calculates rankings for each Indiana census tract.
Rankings are based on a comparison to the census tracts within Indiana.

Score Calculation

Data Collection

Socioeconomic Vulnerability (THEME1): SVI theme comprising poverty, employment, income,
and education variables.

Below Poverty (EP_POV): Percent of persons, per census tract, below federally defined
poverty line, a threshold that varies by the composition of household. Denominator is
total population where poverty status is checked.

Unemployed (EP_UNEMP): Percent of civilians, per census tract, unemployed based on
total population 16 years and older, includes unemployed persons actively seeking
work.

Income (EP_PCI): Per capita income calculated as the mean income for every person in
the census tract.

No High School Diploma (EP_NOHSDP): Percent of persons, per census tract, 25 years
of age and older with less than a 12th grade education, including individuals with 12
grades but no diploma.

Household Composition and Disability (THEME2): SVI theme comprising age, disability, and
single parenting variables.

Aged 65 or Older (EP_AGE®65): Percent of persons, per census tract, 65 years of age or
older.

Aged 17 or Younger (EP_AGE17): Percent of persons, per census tract, 17 years of age
or younger.

Civilian with a Disability (EP_DISABL): Percent of civilian population, per census tract,
not in an institution who are 5 years of age and older with a disability.

Single-Parent Households (EP_SNGPNT): Percent male- or female-led households, per
census tract, with children under 18 and no spouse present.



Minority Status and Language (THEME3): SVI theme comprising race, ethnicity, and English-
language proficiency variables.

Minority (EP_MINRTY): Percent minority, per census tract, inclusive of black, African
American, American Indian, Alaska Native, Asian, Native Hawaiian, other Pacific Islander,
Hispanic, Latino, other race alone, and two or more races.

Speak English “Less than Well” (EP_LIMENG): Percent of persons 5 years of age or
older, per census tract, who speak English “less than well,” “not well,” or “not at all,”
inclusive of all age groups and all languages.

Housing and Transportation (THEME4): SVI theme comprising house structure, crowding, and
vehicle access variables.

Multi-Unit Structures (EP_MUNIT): Percent housing units, per census tract, with 10 or
more units in structure (e.g. apartment buildings.)

Mobile Homes (EP_MOBILE): Percent housing units, per census tract, that are mobile
homes.

Crowding (EP_CROWD): Percent total occupied housing units (i.e. households), per
census tract, with more than one person per room—at household level, more people
than rooms.

No Vehicle (EP_NOVEH): Percent households with no vehicle available.

Group Quarters (EP_GROUPQ): Percent of persons, per census tract, who are in
institutionalized group quarters (e.g. correctional institutions, nursing homes) and non-
institutionalized group quarters (e.g. college dormitories, military quarters).

Overall Vulnerability (THEMES): social vulnerability, at the census tract level, comprising of
socioeconomic status, household composition and disability, minority status and language, and
housing and transportation.

Ranking

Vulnerability Variables Percentile Ranks, Tier 1 (Flanagan et al., 2011; CDC, 2019): Percentile
rank was performed on all vulnerability variables in Excel using the function PERCENTRANK.INC
with four significant digits:

Percentile ranks for each variable, except for Percentile Income, were calculated as:

Percentile XXXX (EPL_XXXX) = PERCENTRANK.INC( [array of census tracts for variable],
[individual census tract], 4)

Percentile ranks for Percentile Income, were calculated as:

Percentile Income (EPL_PCI) = 1 - PERCENTRANK.INC( [array of census tracts for
variable), [individual census tract], 4)
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Socioeconomic Vulnerability Sum (SPL_THEME1): Sum of variable percentiles for
Socioeconomic Status theme.

SPL.THEME1 = EPL_POV + EPL.UNEMP + EPL_PCI + EPL_NOHSDP

Percentile Below Poverty (EPL_POV): Percentile percentage of persons below poverty
estimate.

Percentile Unemployed (EPL_UNEMP): Percentile percentage of civilians (age 16+)
unemployed estimate

Percentile Income (EPL_PCI): Percentile per capita income estimate.

No High School Diploma (EPL_NOHSDP): Percentile percentage of persons with no high
school diploma (age 25+) estimate.

Household Composition and Disability Sum (SPL_THEME2): Sum of variable percentiles for
Household Composition and Disability theme.

SPL_THEME2 = EPL_AGE65 + EPL_AGE17 + EPL_DISABL + EPL_SNGPNT

Percentile Aged 65 or Older (EPL_AGEG65): Percentile percentage of persons aged 65
and older estimate.

Percentile Aged 17 or Younger (EPL_AGE17): Percentile percentage of persons aged 17
years and younger estimate.

Percentile Civilian with a Disability (EPL_DISABL): Percentile percentage of civilian
noninstitutionalized population with a disability.

Percentile Single-Parent Households (EPL_SNGPNT): Percentile percentage of single
parent households with children under 18 estimate.

Minority Status and Language Sum (SPL_THEME3): Sum of variable percentiles for Minority
Status and Language theme.

SPL.THEME3 = EPL_MINTRY + EPL_LIMENG

Percentile Minority (EPL_MINRTY): Percentile percentage minority (all persons except
white, non-Hispanic) estimate.

Percentile Speak English “Less than Well” (EPL_LIMENG): Percentile percentage of
persons (age 5+) who speak English “less than well” estimate.

Housing and Transportation Sum (SPL_THEME4): Sum of variable percentiles for Housing and
Transportation theme.

SPL_THEMEA4
= EPL_MUNIT + EPL_MOBILE + EPL_CROWD + EPL_NOVEH
+ EPL_GROUPQ
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Percentile Multi-Unit Structures (EPL_MUNIT): Percentile percentage housing in
structures with 10 or more units estimate.

Percentile Mobile Homes (EPL_MOBILE): Percentile percentage mobile homes
estimate.

Percentile Crowding (EPL_CROWND): Percentile percentage households with more
people than rooms estimate.

Percentile No Vehicle (EPL_NOVEH): Percentile percentage households with no vehicle
available estimate.

Percentile Group Quarters (EPL_GROUPQ): Percentile percentage of persons
institutionalized) and non-institutionalized group quarters.

Themes Percentile Ranks; Tier 2 (Flanagan et al., 2011; CDC, 2019): Percentile rank was
performed on all theme sums in Excel using the function PERCENTRANK.INC with four
significant digits. Percentile ranks for each theme sum were calculated as:

Percentile Ranking XXXX (RPL_THEMEX) = PERCENTRANK.INC( [array of census tracts for
themel, [individual census tract], 4)

Percentile Ranking for Socioeconomic Vulnerability Theme (RPL_THEME1):

RPL_THEME1 = PERCENTRANK.INC( [array of census tracts for SPL_THEME1], [individual
census tract], 4)

Percentile Ranking for Household Composition and Disability Theme (RPL_THEME?2):

RPL_THEME?2 = PERCENTRANK.INC( [array of census tracts for SPL_THEMEZ2], [individual
census tract], 4)

Percentile Ranking for Minority Status and Language Theme (RPL_THEME3):

RPL_THEME3 = PERCENTRANK.INC( [array of census tracts for SPL_THEME3], [individual
census tract], 4)

Percentile Ranking for Housing and Transportation Theme (RPL_THEME4):

RPL_THEME4 = PERCENTRANK.INC( [array of census tracts for SPL_THEMEA4], [individual
census tract], 4)

Overall Vulnerability Percentile Rank; Tier 3 (Flanagan et al., 2011; CDC, 2019): Percentile rank
was performed on the sum of all theme’s percentile ranking sums (e.g. RPL_THEMEX) in
Microsoft Excel using the function PERCENTRANK.INC with four significant digits.

Overall Sum of Themes (SPL_THEMES): Sum of theme percentile ranking.
SPL_THEMES = SPL_THEME1 + SPL_.THEME?2 + SPL_THEME3 + SPL_THEME4
Overall Percentile Ranking (RPL_THEMES):
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RPL_THEMES = PERCENTRANK.INC( [array of census tracts for SPL_THEMES], [individual census
tract], 4)

Flags

**Note - Flags are not presented in the Index’s online platform. Flagging data are, however,
included in the downloadable dataset at
https://services.arcgis.com/tKsJAliLid90D5q2/arcqis/rest/services/RPL THEMES/FeatureServer.

Flags identify the census tracts where the variables, themes, and overall vulnerability
percentiles are greater than 90, i.e. tracts that are more vulnerable than 90% of the census
tracts in Indiana (Flanagan et al., 2011; CDC, 2019). Flagging was performed on each variable
percentile rank (EPL_XXXX) in Excel. The flag count was then aggregated for each theme and
then overall.

F_XXXX = EPL_XXXX >= 0.90; returns TRUE (1) or FALSE (0)

F_THEMEX = F_XXXX + F_XXXX + ... + F_XXXX

F_TOTAL = F_THEME1 + F_THEME2 + F_THEME3 + F_THEME4
Sum of Flags for Socioeconomic Status Theme (F_THEME1):

F_THEME1 = F_POV + F_UNEMP + F_PCI + F_NOHSDP

Flag Below Poverty (F_POV): Flag if the percentage of persons in poverty is in the 90t
percentile.

Flag Unemployed (F _UNEMP): Flag if the percentage of civilian unemployed is in the
90t percentile.

Flag Income (F _PCl): Flag if the per capita income is in the 90t percentile.

90t percentile for per capita income includes the census tracts that fall within
the bottom 10 percent of per capita income across the state. See page 30 for the
definition.

Flag No High School Diploma (F _NOHSDP): Flag if the percentage of persons with no
high school diploma is in the 90t percentile.

Sum of Flags for Household Composition and Disability Theme (F_THEME?2):
F_THEME2 = F_AGE65 + F_AGE17 + F_DISABL + F_SNGPNT

Flag Aged 65 or Older (F _AGE®65): Flag if the percentage of persons aged 65 and older is
in the 90™ percentile.

Flag Aged 17 or Younger (F _AGE17): Flag if the percentage of persons aged 17 years or
younger is in the 90" percentile.

Flag Civilian with a Disability (F _DISABL): Flag if the percentage of persons with a
disability is in the 90" percentile.
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Flag Single-Parent Households (F _SNGPNT): Flag if the percentage of single parent
households is in the 90 percentile.

Sum of Flags for Minority Status and Language Theme (F_THEME3): SVI theme comprising
race, ethnicity, and English-language proficiency variables.

F_THEME3 = F_MINTRY + F_LIMENG
Flag Minority (F _MINRTY): Flag if the percentage of minority is in the 90™ percentile.

Flag Speak English “Less than Well” (F _LIMENG): Flag if the percentage those with
limited English is in the 90" percentile.

Sum of Flags for Housing and Transportation Theme (F_THEMEA4):

F THEME4 = F_MUNIT + F_MOBILE + F_CROWD + F_NOVEH
+ F_GROUPQ

Flag Multi-Unit Structures (F _MUNIT): Flag if the percentage households in multi-unit
housing is in the 90" percentile.

Flag Mobile Homes (F _MOBILE): Flag if the percentage of mobile homes in the 90t
percentile.

Flag Crowding (F_CROWD): Flag if the percentage of crowded households is in the 90t
percentile.

Flag No Vehicle (F _NOVEH): Flag if the percentage of households with no vehicles is in
the 90t percentile.

Flag Group Quarters (F_GROUPQ): Flag if the percentage of persons in group quarters
is in the 90t percentile.

Sum of Flags for All Four Themes (F_TOTAL):
F_ TOTAL = F_THEME1 + F_THEME2 + F_ THEME3 + F_THEME4
Sum of flags for Socioeconomic Status theme (F_THEME1).
Sum of flags for Household Composition and Disability theme (F_THEME?2).
Sum of flags for Minority Status and Language theme (F_THEME3).

Sum of flags for Housing and Transportation theme (F_THEMEA4).
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[1l. Readiness Assessment

The Readiness Assessment questions outline actions local governments can take to prepare
their communities for climate change impacts specific to Indiana. The Assessment does not
provide every action that could be taken to prevent or alleviate climate change impacts;
instead, the Assessment includes actions that have been identified as the most useful based on
feasibility, relevance in the state of Indiana, the technologies available, and the ability of an
action to address cascading impacts. All of the actions included have been implemented by one
or more local governments in the Midwest and are considered first order responses. The
sections below describe the process used for developing the actions and questions in the
Readiness Assessment.

Readiness Questions

The readiness questions were developed by identifying the climate change impacts relevant in
the state of Indiana, conducting a risk pathway assessment of the state’s climate change
impacts, using the risk pathway assessment to conduct a network analysis and identify the
highest order climate change impacts, conducting a literature review of adaptation and
mitigation strategies to draft the list of actions and responses, and working with local
government beta testers and community and academic experts to refine the action list and
responses.

The Indiana Climate Change Impacts Assessment (INCCIA) was used to identify the ways in
which Indiana is and will be impacted by climate change. Risk pathways were pulled from the
INCCIA reports (Bowling et al., 2018; Day et al., 2018; Filippelli et al., 2018; H66k et al., 2018,;
Phillips et al., 2018; Raymond et al., 2018; Reynolds et al., 2018; Widhalm et al., 2018) and
parsed into primary, secondary, and tertiary impacts.

Example Risk Pathway
Increased precipitation > Increased human-derived nutrients entering Indiana waterways >
Increased total runoff > More algal blooms

The network analysis was performed using Gephi (Bastian et al., 2009) on the identified risk
pathways to visualize the relationships between the climate change impacts and identify the
most significant impacts for Indiana; see Figure 3. The nodes (i.e. circles) of the network
represent the climate change impact; the edges (i.e. arrowed lines) connect subsequent
impacts, with the arrow signifying the direction of the impact. The size of the impact node is
proportional to the number of subsequent impact nodes. The larger the node, the more
subsequent impacts. The colors of the nodes represent subnetworks within the greater
network, i.e. impacts more densely connected to each other than other impacts (Blondel et al.,
2008).
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Figure 3. Risk Pathway Analysis of the Indiana Climate Change Impacts Assessment reports that had been released
by December 2018. Nodes are climate change impacts, edges connect subsequent impacts, arrows signify direction

of impact, and the node color represents more highly connected impacts.
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Following the network analysis, higher order impacts (i.e. impacts that lead to cascading
impacts, represented by the larger nodes in Figure 3) were narrowed down to those that are
able to be addressed by a local government in Indiana and have a clear negative climate impact.
Some climate impacts may have beneficial impacts, or both positive and negative impacts. The
analysis used to develop the Hoosier Resilience Index includes only climate impacts with clearly
negative impacts. To fill in the gaps, this list of impacts was supplemented and refined through
a review of impacts in other documents (Indiana Department of Homeland Security, 2019;
Midwest Economic Policy Institute, 2018; U.S. Global Change Research Program, 2018) and
using input from academic, government agency, nonprofit, and general public focus groups.

Following the development of the list of impacts included in the Readiness Assessment,
adaption and mitigation actions were identified through a review of best practice literature
(See the Readiness Assessment References section below) and individual expertise from
academics and practitioners. The questions were drafted by staff at the Environmental
Resilience Institute, using the references listed in the previous sentence. Feedback on the initial
set of Readiness Assessment questions was incorporated from local government employees in
Indiana, and by experts in academia and the nonprofit sector.

See a full list of all Readiness Assessment questions.

Readiness Scores

Three scores are calculated for each county, incorporated city, and incorporated town that
completes the Readiness Assessment: extreme heat readiness score, extreme precipitation
readiness score, and a floodplain readiness score.

Score Calculation
Scores are calculated for each community based on:

e A community’s responses to the questions in their tailored Readiness Assessment. Each
unique Assessment includes questions that are relevant to the responding community
based on size, type of government, and location in relation to the floodplain.

e An action’s relevance to lessening the impact of the corresponding vulnerability —
extreme heat, extreme precipitation, and floodplain management. For example, the
action, “ldentify housing and businesses most susceptible to river flooding and
minimize or eliminate the impact” helps lessen the impact of extreme precipitation and
river flooding, which takes place in floodplains. This action is relevant to extreme
precipitation and floodplain management, but not to extreme heat.

Extreme Heat Readiness Score (Sen): Score between 1 and 10 that conveys a community’s
readiness for extreme heat events based on responses to the questions in the Readiness
Assessment.
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1 . .
10 (n - Z?f{’ R; gy i): sum (Z) of readiness responses (R) for location, L, extreme heat,
EH* - e

EH, for question, i, divided by the number of applicable questions relevant to extreme
heat, nex, times the best possible question score (5), multiplied by 10 to achieve a score

between 1 and 10.

L = Each Indiana community
EH = Extreme heat

i = Question 1,2,3...79

new = Number of applicable questions relevant to extreme heat readiness.

Sgy = Extreme Heat Readiness Score

1 n RpLEHA+TRLEH 2+ " +RLEH,
= 10( st RL,EH,i) = 10( =

Negyg*5 i=1 Ngy*5

R = Readiness Question Response

Extreme Precipitation Readiness Score (Sep): Score between 1 and 10 that conveys a
community’s readiness for extreme precipitation based on responses to the questions in the
Readiness Assessment.

10 (ﬁ}:?ﬂ’ R, gp i): sum () of readiness question responses (R) for location, L,
EP* e

extreme precipitation, EP, for question, i, divided by the number of applicable questions
relevant to extreme precipitation, nep, times the best possible action question score (5),
multiplied by 10 to achieve a score between 1 and 10.

L = Each Indiana community
EP = Extreme precipitation
i = Question 1,2,3...79

nep = Number of applicable questions relevant to extreme precipitation readiness.

Sgp = Extreme Precipitation Readiness Score

1 n Rpep1tRLEP2+ " +RLEP,
= 10( it RL,EP,i) = 10( =

ngpx5 <=1 ngp*5

R = Readiness Question Response
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Floodplain Land Use Readiness Score (Sr.): Score between 1 and 10 that conveys a
community’s readiness for river flooding based on responses to the questions in the Readiness
Assessment.

10 (n;*s Z?ﬁ RL,FL,L'): sum () of readiness responses (R) for location, L, floodplain land

use, FL, for question, i, divided by the number of applicable questions relevant to
floodplain land use, ng;, times the best possible action question score (5) , multiplied by
10 to achieve a score between 1 and 10.

L = Each Indiana community
FL= Floodplain land use
i = Question 1,2,3...79

nr. = Number of applicable questions relevant to river flooding readiness.

Srp = Floodplain Land Use Readiness Score

1 n RpLRrL1+tRLFL2+ +RLFL,
=10 (_Z'FL RL,FL,i) = 10( -

NngL*5 i=1 NgL*5

R = Readiness Question Response

Environmental Resilience Institute Hoosier Resilience Index Technical Document 37




Readiness Assessment References

Alger County Government. (2012). Climate Adaptation and Mitigation Plan for Alger County,
Michigan: Preparing Communities, Forests and Water Resources for a Changing Climate.
Available at: https://superiorwatersheds.org/admin/wp-content/uploads/2014/06/Alger-
County-Climate-Adaptation-Plan _March-2013.pdf.

American Public Health Association, Public Health Institute, and Center for Climate Change and
Health. (2018). Climate Change, Health, and Equity: A Guide for Local Health Departments.
Available at: https://www.apha.org/-

/media/files/pdf/topics/climate/climate health equity.ashx?la=en&hash=14D2F64530F1505EA
E7AB16A9F9827250EAD6CT9 .

Bastian, M., Heymann, S., and M. Jacomy. (2009). Gephi: an open source software for exploring
and manipulating networks. In Third International AAAI Conference on Weblogs and Social
Media. Available at: https://gephi.org/publications/gephi-bastian-feb09.pdf.

Blondel, V. D., Guillaume, J. L., Lambiotte, R., & Lefebvre, E. (2008). Fast unfolding of
communities in large networks. Journal of Statistical Mechanics: Theory and
Experiment, 2008(10), P10008. Available at: https://arxiv.org/abs/0803.0476.

Bowling, L., Widhalm, M., Cherkauer, K., Beckerman, J., Brouder, S., Buzan, J., Doering, O.,
Dukes, J.S., Ebner, P., Frankenberger, J., Gramig, B., Kladivko, E., Lee., C., Volenec, J, and C. Weil.
(2018). Indiana’s Agriculture in a Changing Climate: A Report from the Indiana Climate Change
Impacts Assessment. Purdue Climate Change Research Center, Purdue University.

DOI: 10.5703/1288284316778. Available at: https://ag.purdue.edu/indianaclimate/agriculture-

report/.
Centers for Disease Control and Prevention, “Climate and Health — CDC’s Building Resilience

Against Climate Effects (BRACE) Framework.” Accessed September 26, 2019. Available at:
https://www.cdc.gov/climateandhealth/BRACE.htm.

Center for Climate and Energy Solutions (2018a). Key Insights into Prioritizing Resilience
Strategies. Available at: https://www.c2es.org/site/assets/uploads/2018/11/key-insights-into-
prioritizing-resilience-strategies.pdf.

Center for Climate and Energy Solutions (2018b). Maximizing Benefits: Strategies for
Community Resilience. Available at: https://www.c2es.org/document/maximizing-benefits-
strategies-for-community-resilience/.

Center for Climate and Energy Solutions (2018c). Resilience Strategies for Drought. Available at:
https://www.c2es.org/document/resilience-strategies-for-drought/.

Center for Climate and Energy Solutions (2018d). Resilience Strategies for Flash Flooding.
Available at: https://www.c2es.org/site/assets/uploads/2018/02/resilience-strategies-for-flash-

flooding.pdf.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 38



https://superiorwatersheds.org/admin/wp-content/uploads/2014/06/Alger-County-Climate-Adaptation-Plan_March-2013.pdf
https://superiorwatersheds.org/admin/wp-content/uploads/2014/06/Alger-County-Climate-Adaptation-Plan_March-2013.pdf
https://www.apha.org/-/media/files/pdf/topics/climate/climate_health_equity.ashx?la=en&hash=14D2F64530F1505EAE7AB16A9F9827250EAD6C79
https://www.apha.org/-/media/files/pdf/topics/climate/climate_health_equity.ashx?la=en&hash=14D2F64530F1505EAE7AB16A9F9827250EAD6C79
https://www.apha.org/-/media/files/pdf/topics/climate/climate_health_equity.ashx?la=en&hash=14D2F64530F1505EAE7AB16A9F9827250EAD6C79
https://gephi.org/publications/gephi-bastian-feb09.pdf
https://arxiv.org/abs/0803.0476
https://ag.purdue.edu/indianaclimate/agriculture-report/
https://ag.purdue.edu/indianaclimate/agriculture-report/
https://www.cdc.gov/climateandhealth/BRACE.htm
https://www.c2es.org/site/assets/uploads/2018/11/key-insights-into-prioritizing-resilience-strategies.pdf
https://www.c2es.org/site/assets/uploads/2018/11/key-insights-into-prioritizing-resilience-strategies.pdf
https://www.c2es.org/document/maximizing-benefits-strategies-for-community-resilience/
https://www.c2es.org/document/maximizing-benefits-strategies-for-community-resilience/
https://www.c2es.org/document/resilience-strategies-for-drought/
https://www.c2es.org/site/assets/uploads/2018/02/resilience-strategies-for-flash-flooding.pdf
https://www.c2es.org/site/assets/uploads/2018/02/resilience-strategies-for-flash-flooding.pdf

Center for Climate and Energy Solutions (2018e). Resilience Strategies for Power Outages.
Available at: https://www.c2es.org/document/resilience-strategies-for-power-outages/.

Center for Climate and Energy Solutions (2017). Resilience Strategies for Extreme Heat.
Available at: https://www.c2es.org/site/assets/uploads/2017/11/resilience-strategies-for-
extreme-heat.pdf.

Centers for Disease Control and Prevention, “Natural Disasters and Severe Weather — Extreme
Heat.” Accessed: July 10, 2019. Available at:
https://www.cdc.gov/disasters/extremeheat/index.html.

Cervenec, J., A. B. Wilson, G. R. Dipre, A. Shockey, and D. Celebrezze. (2018). Columbus Climate
Adaptation Plan. Available at: https://byrd.osu.edu/columbus.

Change Lab Solutions. (2010). An Action Plan for Public Health: Initial Recommendations for
Involving Public Health in Climate Change Policy. Available at:
http://changelabsolutions.org/sites/default/files/documents/Climate Change Report FINAL 2
010 0401.pdf.

City of Chicago. (2019). Resilient Chicago. Available at: https://resilient.chicago.gov/.

City of Evanston. (2018). Climate Action and Resilience Plan: Carbon Neutral by 2050. Available
at: https://www.cityofevanston.org/home/showdocument?id=45170.

City of Indianapolis. (2019). Thrive Indianapolis. Available at:
https://staticl.squarespace.com/static/5b4ead40c3c16a711ae78401/t/5¢704aa4fa0d6033019e
373a/1550863041205/2019CPSR0O01-Thrivelndianapolis-web.pdf.

Cleveland Neighborhood Progress, City of Cleveland, Cleveland Urban Design Collaborative,
University at Buffalo, and Kent State University. (2015). Cleveland Climate Resilience and Urban
Opportunity Plan. Available at http://www.clevelandnp.org/wp-
content/uploads/2015/11/Final-Implementation-Plan _CNP.pdf.

Day, G.J., Widhalm, M., Chin, N., Dorworth, L., Shah, K., S. Sydnor, and Dukes, J.S. (2018).
Tourism and Recreation in a Warmer Indiana: A Report from the Indiana Climate Change
Impacts Assessment. Purdue Climate Change Research Center, Purdue University. West DOI:
10.5703/1288284316814. Available at: https://ag.purdue.edu/indianaclimate/tourism-and-
recreation-report/.

Ebi, K.L., Balbus, J.M., Luber, G., Bole, A., Crimmins, A., Glass, G., Saha, S., Shimamoto, M.M.,
Trtanj, J., and J.L. White-Newsome (2018). Human Health. Impacts, Risks, and Adaptation in the
United States: Fourth National Climate Assessment, Volume Il [Reidmiller, D.R., Avery, C.W.,
Easterling, D.R., Kunkel, K.E., Lewis, K.L.M., May-cock, T.K., and B.C. Stewart (eds.)]. U.S. Global
Change Research Program, Washington, DC, USA, pp. 572-603. doi: 10.7930/NCA4.2018.CH14.
Available at: https://nca2018.globalchange.gov/chapter/health.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 39



https://www.c2es.org/document/resilience-strategies-for-power-outages/
https://www.c2es.org/site/assets/uploads/2017/11/resilience-strategies-for-extreme-heat.pdf
https://www.c2es.org/site/assets/uploads/2017/11/resilience-strategies-for-extreme-heat.pdf
https://www.cdc.gov/disasters/extremeheat/index.html
https://byrd.osu.edu/columbus
http://changelabsolutions.org/sites/default/files/documents/Climate_Change_Report_FINAL_2010_0401.pdf
http://changelabsolutions.org/sites/default/files/documents/Climate_Change_Report_FINAL_2010_0401.pdf
https://resilient.chicago.gov/
https://www.cityofevanston.org/home/showdocument?id=45170
https://static1.squarespace.com/static/5b4ead40c3c16a711ae78401/t/5c704aa4fa0d6033019e373a/1550863041205/2019CPSR001-ThriveIndianapolis-web.pdf
https://static1.squarespace.com/static/5b4ead40c3c16a711ae78401/t/5c704aa4fa0d6033019e373a/1550863041205/2019CPSR001-ThriveIndianapolis-web.pdf
http://www.clevelandnp.org/wp-content/uploads/2015/11/Final-Implementation-Plan_CNP.pdf
http://www.clevelandnp.org/wp-content/uploads/2015/11/Final-Implementation-Plan_CNP.pdf
https://ag.purdue.edu/indianaclimate/tourism-and-recreation-report/
https://ag.purdue.edu/indianaclimate/tourism-and-recreation-report/
https://nca2018.globalchange.gov/chapter/health

EnergySTAR, “Portfolio Manager.” Accessed October 2, 2019. Available at:
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-
portfolio-manager.

Environmental Resilience Institute, “ERIT — Environmental Resilience Institute Toolkit.”
Accessed 2018. Available at: https://eri.iu.edu/erit/index.html.

Environmental Resilience Institute, “Identifying Your Community’s Vulnerabilities to
Environmental Change.” Recorded January 8, 2019 webinar. Available at:
https://eri.iu.edu/prepare/webinars.html/#past.

Environmental Resilience Institute Toolkit, “Ball State University in Muncie, Indiana Replaces
Coal-fired Boilers with Campus-wide Geothermal.” Accessed September 24, 2019. Available at:
https://eri.iu.edu/erit/case-studies/ball-state-university-geothermal.html.

Environmental Resilience Institute Toolkit, “Climate Implications — Disaster Debris
Management.” Accessed July 2, 2019. Available at: https://eri.iu.edu/erit/implications/disaster-
debris-management.html

Environmental Resilience Institute Toolkit, “Climate Implications — Harmful Algal Blooms.”
Accessed October 6, 2019. Available at: https://eri.iu.edu/erit/implications/harmful-algal-
blooms.html.

Environmental Resilience Institute Toolkit, “Funding and Technical Assistance for Climate
Resilience and Adaptation.” Accessed September 9, 2019. Available at:
https://eri.iu.edu/erit/funding/index.html.

Environmental Resilience Institute Toolkit, “South Bend, Indiana Uses Smart Sewer Technology
to Monitor and Managed Increased Water Levels.” Accessed October 2, 2019. Available at:
https://eri.iu.edu/erit/case-studies/south-bend-indiana-uses-smart-technology-to-monitor-
and-regulate-wastewater-levels.html.

Federal Emergency Management Agency. (2011). A Whole Community Approach to Emergency
Management: Principles, Themes, and Pathways for Action. FDOC 104-008-1. Available at:
https://www.fema.gov/media-library-data/20130726-1813-25045-

0649/whole community dec2011 2 .pdf.

Federal Emergency Management Agency. (2017). Community Rating System. Available at:
https://www.fema.gov/media-library-data/1507029324530-
082938e6607d4d9eba4004890dbad39¢c/NFIP_CRS Fact Sheet 2017 5080K.pdf.

Federal Emergency Management Agency, “National Flood Insurance Program Community
Rating System.” Accessed July 31, 2019. Available at: https://www.fema.gov/national-flood-
insurance-program-community-rating-system.

Filippelli, G.M., Widhalm, M., Filley, R., Comer, K., Ejeta, G., Field, W., Freeman, J., Gibson, J.,
Jay, S., Johnson, D., Mattes, R., Moreno-Madrifian, M.J., Ogashawara, |., Prather, J., Rosenthal,
F., Smirat, J., Wang, Y., Wells, E., and J.S. Dukes. (2018). Hoosiers’ Health in a Changing Climate:

Environmental Resilience Institute Hoosier Resilience Index Technical Document 40



https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-manager
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-manager
https://eri.iu.edu/erit/index.html
https://eri.iu.edu/prepare/webinars.html/#past
https://eri.iu.edu/erit/case-studies/ball-state-university-geothermal.html
https://eri.iu.edu/erit/implications/disaster-debris-management.html
https://eri.iu.edu/erit/implications/disaster-debris-management.html
https://eri.iu.edu/erit/implications/harmful-algal-blooms.html
https://eri.iu.edu/erit/implications/harmful-algal-blooms.html
https://eri.iu.edu/erit/funding/index.html
https://eri.iu.edu/erit/case-studies/south-bend-indiana-uses-smart-technology-to-monitor-and-regulate-wastewater-levels.html
https://eri.iu.edu/erit/case-studies/south-bend-indiana-uses-smart-technology-to-monitor-and-regulate-wastewater-levels.html
https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf
https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf
https://www.fema.gov/media-library-data/1507029324530-082938e6607d4d9eba4004890dbad39c/NFIP_CRS_Fact_Sheet_2017_508OK.pdf
https://www.fema.gov/media-library-data/1507029324530-082938e6607d4d9eba4004890dbad39c/NFIP_CRS_Fact_Sheet_2017_508OK.pdf
https://www.fema.gov/national-flood-insurance-program-community-rating-system
https://www.fema.gov/national-flood-insurance-program-community-rating-system

A Report from the Indiana Climate Change Impacts Assessment. Purdue Climate Change
Research Center, Purdue University. Available at:
https://ag.purdue.edu/indianaclimate/hoosier-health-report/.

Georgetown Climate Center, “Green Infrastructure Toolkit.” Accessed October 15, 2019.
Available at: https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-
toolkit/scaling-up-integrating-green-infrastructure-into-existing-processes.html.

Hook, T., Foley, C., Collingsworth, P., Dorworth, L., Fisher, B., Hoverman, J., LaRue, E., Pyron, M.,
Tank, J., Widhalm, M., J.S Dukes. (2018). Aquatic Ecosystems in a Shifting Indiana Climate: A
Report from the Indiana Climate Change Impacts Assessment. Purdue Climate Change Research
Center, Purdue University. DOI: 10.5703/1288284316782. Available at:
https://ag.purdue.edu/indianaclimate/aquatic-ecosystems-report/.

Indiana Department of Environmental Management, “Indiana’s Smogwatch Air Quality
Forecasts.” Accessed July 10, 2019. Available at:
https://portal.idem.in.gov/smogwatch/Today.aspx.

Indiana Department of Environmental Management, “Section 3030(d) List of Impaired Waters.”
Accessed July 10, 2019. Available at: https://www.in.gov/idem/nps/2647.htm.

Indiana Department of Homeland Security. (2019). 2019 State of Indiana Standard Multi-Hazard
Mitigation Plan. Available at:
https://www.in.gov/dhs/files/IndianaStateMitigationPlan2019 v3 reduced.pdf.

Indiana Department of Natural Resources. (2009). Indiana’s Species of Greatest Conservation
Need. Available at: https://www.in.gov/dnr/fishwild/files/fw-
Indiana Species of Greatest Conservation Need.pdf.

Indiana Department of Natural Resources, “Fluvial Erosion Hazards in Indiana” (Map). Accessed
October 6, 2019. Available at:
https://indnr.maps.arcgis.com/apps/webappviewer/index.htm|?id=43e7b307a0184c7c851b506
8941e2e23.

Indiana Department of Natural Resources, “Invasive Species.” Accessed September 27, 2019.
Available at: https://www.in.gov/dnr/3123.htm.

Indiana Department of Natural Resources, “State Wildlife Action Plan.” Accessed September 27,
2019. Available at: https://www.in.gov/dnr/fishwild/7580.htm.

Indiana Department of Natural Resources, “State Wildlife Action Plan Conservation Opportunity
Areas” (Map). Accessed September 27, 2019. Available at:
https://indnr.maps.arcgis.com/apps/View/index.html?appid=ffdc7aa5bh8024b738ae4b5d4a6ba
b840&extent=-93.7537,37.3706,-78.7463,42.6020.

Indiana Department of Transportation, “Complete Streets Program.” Accessed October 6, 2019.
Available at: https://www.in.gov/indot/3284.htm.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 41



https://ag.purdue.edu/indianaclimate/hoosier-health-report/
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/scaling-up-integrating-green-infrastructure-into-existing-processes.html
https://www.georgetownclimate.org/adaptation/toolkits/green-infrastructure-toolkit/scaling-up-integrating-green-infrastructure-into-existing-processes.html
https://ag.purdue.edu/indianaclimate/aquatic-ecosystems-report/
https://portal.idem.in.gov/smogwatch/Today.aspx
https://www.in.gov/idem/nps/2647.htm
https://www.in.gov/dhs/files/IndianaStateMitigationPlan2019_v3_reduced.pdf
https://www.in.gov/dnr/fishwild/files/fw-Indiana_Species_of_Greatest_Conservation_Need.pdf
https://www.in.gov/dnr/fishwild/files/fw-Indiana_Species_of_Greatest_Conservation_Need.pdf
https://indnr.maps.arcgis.com/apps/webappviewer/index.html?id=43e7b307a0184c7c851b5068941e2e23
https://indnr.maps.arcgis.com/apps/webappviewer/index.html?id=43e7b307a0184c7c851b5068941e2e23
https://www.in.gov/dnr/3123.htm
https://www.in.gov/dnr/fishwild/7580.htm
https://indnr.maps.arcgis.com/apps/View/index.html?appid=ffdc7aa5b8024b738ae4b5d4a6bab840&extent=-93.7537,37.3706,-78.7463,42.6020
https://indnr.maps.arcgis.com/apps/View/index.html?appid=ffdc7aa5b8024b738ae4b5d4a6bab840&extent=-93.7537,37.3706,-78.7463,42.6020
https://www.in.gov/indot/3284.htm

Indiana State Department of Agriculture, “Soil and Water Conservation Districts.” Accessed
September 27, 2019. Available at: https://www.in.gov/isda/2368.htm.

Indiana State Government. (2019). Terrestrial Invasive Plan Rule. Available at:
https://www.in.gov/nrc/files/Item 6 nrc jan2019.pdf.

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. (2017). The
Assessment Report on Pollinators, Pollination, and Food Production. Available at:
http://www.ipbes.net/sites/default/files/downloads/pdf/individual chapters pollination 2017

0305.pdf.

Kenward, A., Zenes, N., Bronzan, J., Brady, J., and K. Shah. (2016). Overflow: Climate Change,
Heavy Rain, and Sewage. Available at:
http://assets.climatecentral.org/pdfs/Overflow sewagereport update.pdf.

Major, D. C., A. Omojola, M. Dettinger, R. T. Hanson, and R. Sanchez-Rodriguez. (2011). Climate
change, water, and wastewater in cities. Climate Change and Cities: First Assessment Report of
the Urban Climate Change Research Network. [C. Rosenzweig, W. D. Solecki, S. A. Hommer, S.
Mehrotra, (eds).] Cambridge University Press, Cambridge, UK, 113—143. Available at:
http://uccrn.org/files/2014/02/ARC3-Chapter-5.pdf.

McMahon, J. (2018). The Environmental Consequences of Forest Fragmentation in the Western
Maine Mountains. Available at:
https://www.wildlandsandwoodlands.org/sites/default/files/2019-01-Environmental-
Consequences-ForestFragmentation.pdf.

Michigan State University, “Shifting Landscape: Native Plant Species May be at Greater Risk
from Climate Change than Non-natives.” Accessed September 25, 2019. Available at:
https://natsci.msu.edu/news/shifting-landscape-native-plant-species-may-be-at-greater-risk-
from-climate-change-than-non-natives/.

Midwest Economic Policy Institute. (2018). Climate Change and Its Impact on Infrastructure
Systems in Indiana. Available at: https://midwestepi.files.wordpress.com/2018/06/indiana-
infrastructure-and-climate-change-final.pdf.

Minnesota Department of Health, Climate and Health Program. (2012). Minnesota Extreme
Heat Toolkit. Available at:
https://www.health.state.mn.us/communities/environment/climate/docs/mnextremeheattool

kit.pdf.

Noonan, A.S, Velasco-Mondragon, H.E., and F.A. Wagner. (2016). Improving the Health of
African Americans in the USA: an overdue opportunity for social justice. Public Health Reviews
37,12. DOI:10.1186/540985-016-0025-4. Available at:
https://publichealthreviews.biomedcentral.com/articles/10.1186/s40985-016-0025-4.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 42



https://www.in.gov/isda/2368.htm
https://www.in.gov/nrc/files/Item_6_nrc_jan2019.pdf
http://www.ipbes.net/sites/default/files/downloads/pdf/individual_chapters_pollination_20170305.pdf
http://www.ipbes.net/sites/default/files/downloads/pdf/individual_chapters_pollination_20170305.pdf
http://assets.climatecentral.org/pdfs/Overflow_sewagereport_update.pdf
http://uccrn.org/files/2014/02/ARC3-Chapter-5.pdf
https://www.wildlandsandwoodlands.org/sites/default/files/2019-01-Environmental-Consequences-ForestFragmentation.pdf
https://www.wildlandsandwoodlands.org/sites/default/files/2019-01-Environmental-Consequences-ForestFragmentation.pdf
https://natsci.msu.edu/news/shifting-landscape-native-plant-species-may-be-at-greater-risk-from-climate-change-than-non-natives/
https://natsci.msu.edu/news/shifting-landscape-native-plant-species-may-be-at-greater-risk-from-climate-change-than-non-natives/
https://midwestepi.files.wordpress.com/2018/06/indiana-infrastructure-and-climate-change-final.pdf
https://midwestepi.files.wordpress.com/2018/06/indiana-infrastructure-and-climate-change-final.pdf
https://www.health.state.mn.us/communities/environment/climate/docs/mnextremeheattoolkit.pdf
https://www.health.state.mn.us/communities/environment/climate/docs/mnextremeheattoolkit.pdf
https://publichealthreviews.biomedcentral.com/articles/10.1186/s40985-016-0025-4

North Carolina Department of Environmental Quality, “N.C. Air Awareness.” Accessed July 10,
2019. Available at: https://deg.nc.gov/about/divisions/air-quality/air-quality-outreach/air-
quality-public-involvement/air-awareness.

Phillips, R.P., Fei, S., Brandt, L., Polly, D., Zollner, P., Saunders, M.R., Clay, K., Iverson, L.,
Widhalm, M., and J.S. Dukes. (2018). Indiana’s Future Forests: A Report from the Indiana
Climate Change Impacts Assessment. Purdue Climate Change Research Center. DOI:
10.5703/1288284316652. Available at: https://ag.purdue.edu/indianaclimate/forest-
ecosystems-report/.

Polk County Health Department. (n.d.). Keep Your Medications Away from Summer Heat.
Accessed July 11, 2019. Available at:
https://www.polkcountyiowa.gov/media/189984/medication-handout.pdf.

Purdue University, Purdue Climate Change Research Center, “Indiana Climate Change Impacts
Assessment.” Accessed December 14, 2018. Available at:
https://ag.purdue.edu/indianaclimate/

Purdue University Extension, Department of Entomology. (2018). Household and Structural:
Community-wide Mosquito Management. Available at:
https://extension.entm.purdue.edu/publications/E-52.pdf.

Raymond, L., Gotham, D., McClain, W., Mukherjee, S., Nateghi, R., Preckel, P.V., Schubert, P.,
Singh, S., Wachs, L., Widhalm, M., and J.S. Dukes. (2018). Climate Change and Indiana’s Energy
Sector: A Report from the Indiana Climate Change Impacts Assessment. Purdue Climate Change
Research Center, Purdue University. DOI: 10.5703/1288284316878. Available at:
https://ag.purdue.edu/indianaclimate/energy-report/.

Reynolds, H.L., Brandt, L., Widhalm, M., Fei, S., Fischer, B., Hardiman, B., Moxley, D., Sandweiss,
D., Speer, J., and J.S. Dukes. (2018). Maintaining Indiana’s Urban Green Spaces: A Report from
the Indiana Climate Change Impacts Assessment. Purdue Climate Change Research Center,
Purdue University. DOI: 10.5703/1288284316653. Available at:
https://ag.purdue.edu/indianaclimate/urban-ecosystems-report/.

Reynolds, H.L., Mincey, S., Montoya, R.D., Hamlin, S., Sullivan, A., Thapa, B., Wilson, J., Rosing,
H., Jarzen, J., and M. Grove. (In prep.). Inventory and Analysis of Urban Green Infrastructure for
Community Resilience: A New Framework. For: Frontiers in Ecology & Environment.

Second Nature (2018). Campus Evaluations of Resilience Dimensions. Available at:
https://secondnature.org/wp-content/uploads/PDF.Campus-Evaluation-of-Resilience-
Dimensions.April2018-1.pdf.

Serve Indiana, “Community Organizations Active in Disaster (COADs).” Accessed October 4,
2019. Available at: https://www.in.gov/serveindiana/2710.htm.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 43



https://deq.nc.gov/about/divisions/air-quality/air-quality-outreach/air-quality-public-involvement/air-awareness
https://deq.nc.gov/about/divisions/air-quality/air-quality-outreach/air-quality-public-involvement/air-awareness
https://ag.purdue.edu/indianaclimate/forest-ecosystems-report/
https://ag.purdue.edu/indianaclimate/forest-ecosystems-report/
https://www.polkcountyiowa.gov/media/189984/medication-handout.pdf
https://ag.purdue.edu/indianaclimate/
https://extension.entm.purdue.edu/publications/E-52.pdf
https://ag.purdue.edu/indianaclimate/energy-report/
https://ag.purdue.edu/indianaclimate/urban-ecosystems-report/
https://secondnature.org/wp-content/uploads/PDF.Campus-Evaluation-of-Resilience-Dimensions.April2018-1.pdf
https://secondnature.org/wp-content/uploads/PDF.Campus-Evaluation-of-Resilience-Dimensions.April2018-1.pdf
https://www.in.gov/serveindiana/2710.htm

Sustainable Development Code, “Chapter 4.2 Bicycle Mobility.” Accessed October 6, 2019.
Available at: https://sustainablecitycode.org/chapter/chapter-4/4-2/.

Sustainable Development Code, “Chapter 4.3 Pedestrian Mobility.” Accessed October 6, 2019.
Available at: https://sustainablecitycode.org/chapter/chapter-4/4-3/.

Sustainable Development Code, “Chapter 4.4. Public Transit.” Accessed October 6, 2019.
Available at: https://sustainablecitycode.org/chapter/chapter-4/4-4/.

Sustainable Development Code, “Chapter 4.5 Autonomous and Electric Vehicles.” Accessed
October 6, 2019. Available at: https://sustainablecitycode.org/chapter/chapter-4/4-5/.

Sustainable Development Code, “District Heating and Cooling Zones.” Accessed October 6,
2019. Available at: https://sustainablecitycode.org/brief/district-heating-and-cooling-systems/.

Sustainable Development Code, “Energy Benchmarking, Auditing, and Upgrading.” Accessed
August 2, 2019. Available at: https://sustainablecitycode.org/brief/energy-benchmarking-
auditing-and-upgrading/.

Sustainable Development Code, “Green Roofing.” Accessed August 2, 2019. Available at:
https://sustainablecitycode.org/brief/green-roofing-3/.

Sustainable Development Code, “Limit PUDs Near Sensitive Natural Areas.” Accessed October 8,
2019. Available at: https://sustainablecitycode.org/brief/limit-puds-near-sensitive-natural-

areas-2/.

Sustainable Development Code, “Mitigation of Lost Critical Habitats.” Accessed October 8,
2019. Available at: https://sustainablecitycode.org/brief/require-mitigation-of-lost-critical-

habitats-3/.

Sustainable Development Code, “Open Space Impact Fees.” Accessed October 8, 2019.
Available at: https://sustainablecitycode.org/brief/open-space-impact-fees/.

Sustainable Development Code, “Pervious Cover Minimums and Incentives.” Accessed August
1, 2019. Available at: https://sustainablecitycode.org/brief/pervious-cover-minimums-and-

incentives/.

Sustainable Development Code, “Purchase of Development Rights.” Accessed October 8, 2019.
Available at: https://sustainablecitycode.org/brief/purchase-of-development-rights-3/.

Sustainable Development Code, “Septic Systems Near Significant Wildlife Habitats.” Accessed
October 8, 2019. Available at: https://sustainablecitycode.org/brief/restrict-septic-systems-
near-significant-wildlife-habitats/.

Sustainable Development Code, “Setbacks Protecting Sensitive Habitats and Water Quality.”
Accessed October 8, 2019. Available at: https://sustainablecitycode.org/brief/setbacks-
protecting-sensitive-habitats-and-water-quality-6/.

Sustainable Development Code, “Tree Canopy Cover.” Accessed August 1, 2019. Available at:
https://sustainablecitycode.org/brief/expanding-tree-canopy-cover/.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 44



https://sustainablecitycode.org/chapter/chapter-4/4-2/
https://sustainablecitycode.org/chapter/chapter-4/4-3/
https://sustainablecitycode.org/chapter/chapter-4/4-4/
https://sustainablecitycode.org/chapter/chapter-4/4-5/
https://sustainablecitycode.org/brief/district-heating-and-cooling-systems/
https://sustainablecitycode.org/brief/energy-benchmarking-auditing-and-upgrading/
https://sustainablecitycode.org/brief/energy-benchmarking-auditing-and-upgrading/
https://sustainablecitycode.org/brief/green-roofing-3/
https://sustainablecitycode.org/brief/limit-puds-near-sensitive-natural-areas-2/
https://sustainablecitycode.org/brief/limit-puds-near-sensitive-natural-areas-2/
https://sustainablecitycode.org/brief/require-mitigation-of-lost-critical-habitats-3/
https://sustainablecitycode.org/brief/require-mitigation-of-lost-critical-habitats-3/
https://sustainablecitycode.org/brief/open-space-impact-fees/
https://sustainablecitycode.org/brief/pervious-cover-minimums-and-incentives/
https://sustainablecitycode.org/brief/pervious-cover-minimums-and-incentives/
https://sustainablecitycode.org/brief/purchase-of-development-rights-3/
https://sustainablecitycode.org/brief/restrict-septic-systems-near-significant-wildlife-habitats/
https://sustainablecitycode.org/brief/restrict-septic-systems-near-significant-wildlife-habitats/
https://sustainablecitycode.org/brief/setbacks-protecting-sensitive-habitats-and-water-quality-6/
https://sustainablecitycode.org/brief/setbacks-protecting-sensitive-habitats-and-water-quality-6/
https://sustainablecitycode.org/brief/expanding-tree-canopy-cover/

Sustainable Development Code, “Vegetation Protection Areas.” Accessed August 1, 2019.
Available at: https://sustainablecitycode.org/brief/vegetation-protection-areas-2/.

Sustainable Development Code, “Wetland Habitat Impact Analysis.” Accessed October 8, 2019.
Available at: https://sustainablecitycode.org/brief/require-wetland-habitat-impact-analysis/.

The Nature Conservancy, “The Nature Conservancy of Indiana.” Accessed September 27, 2019.
Available at: https://www.nature.org/en-us/about-us/where-we-work/united-states/indiana/.

U.S. Climate Resilience Toolkit, “Communications.” Accessed September 23, 2019. Available at:
https://toolkit.climate.gov/topics/built-environment/communications.

U.S. Climate Resilience Toolkit, “Funding Opportunities.” Accessed September 23, 2019.
Available at: https://toolkit.climate.gov/content/funding-opportunities.

U.S. Department of Energy, “Solsmart.” Accessed September 12, 2019. Available at:
https://www.solsmart.org/.

U.S. Department of Homeland Security, “Community Emergency Response Team.” Accessed
October 4, 2019. Available at: https://www.ready.gov/community-emergency-response-team.

U.S. Department of Homeland Security, “Critical Infrastructure Sectors.” Accessed October 8,
2019. Available at: https://www.dhs.gov/cisa/critical-infrastructure-sectors.

U.S. Department of Homeland Security, “Infrastructure Security.” Accessed July 7, 2019.
https://www.dhs.gov/topic/critical-infrastructure-security.

U.S. Department of Homeland Security Federal Emergency Management Agency. (2011). A
Whole Community Approach to Emergency Management: Principles, Themes, and Pathways for
Action. Available at: https://www.fema.gov/media-library-data/20130726-1813-25045-
0649/whole community dec2011 2 .pdf.

U.S. Department of Transportation, Federal Highway Administration. (2018). Vulnerability
Assessment and Adaptation Framework, Third Edition. Available at:
https://www.fhwa.dot.gov/environment/sustainability/resilience/adaptation framework/.

U.S. Department of Transportation, Federal Highway Administration. (2016). Climate Change
and Environmental Justice: Considerations for Transportation Decision-making. Available at:
https://smartgrowth.org/climate-change-environmental-justice-considerations-transportation-
decision-making/.

U.S. Department of Transportation, Federal Highway Administration and ICF International
(2009). FHWA Literature Review: Climate Change Vulnerability Assessment, Risk Assessment,
and Adaptation Approaches. Available at:
https://www.fhwa.dot.gov/environment/sustainability/resilience/publications/vulnerability as
sessment/index.cfm.

U.S. Environmental Protection Agency. (2016). Excessive Heat Events Guidebook. Available at:
https://www.epa.gov/sites/production/files/2016-03/documents/eheguide final.pdf.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 45



https://sustainablecitycode.org/brief/vegetation-protection-areas-2/
https://sustainablecitycode.org/brief/require-wetland-habitat-impact-analysis/
https://www.nature.org/en-us/about-us/where-we-work/united-states/indiana/
https://toolkit.climate.gov/topics/built-environment/communications
https://toolkit.climate.gov/content/funding-opportunities
https://www.solsmart.org/
https://www.ready.gov/community-emergency-response-team
https://www.dhs.gov/cisa/critical-infrastructure-sectors
https://www.dhs.gov/topic/critical-infrastructure-security
https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf%20FDOC%20104-00801%20/
https://www.fema.gov/media-library-data/20130726-1813-25045-0649/whole_community_dec2011__2_.pdf%20FDOC%20104-00801%20/
https://www.fhwa.dot.gov/environment/sustainability/resilience/adaptation_framework/
https://smartgrowth.org/climate-change-environmental-justice-considerations-transportation-decision-making/
https://smartgrowth.org/climate-change-environmental-justice-considerations-transportation-decision-making/
https://www.fhwa.dot.gov/environment/sustainability/resilience/publications/vulnerability_assessment/index.cfm
https://www.fhwa.dot.gov/environment/sustainability/resilience/publications/vulnerability_assessment/index.cfm
https://www.epa.gov/sites/production/files/2016-03/documents/eheguide_final.pdf

U.S. Environmental Protection Agency. (2014). Flood Resilience Checklist. Available at:
https://www.epa.gov/smartgrowth/flood-resilience-checklist.

U.S. Environmental Protection Agency. (n.d.). The Facts About Lawn Chemicals. Available at:
https://cfpub.epa.gov/npstbx/files/marc_lawnchemicals.pdf.

U.S. Environmental Protection Agency, “Enviroflash.” Accessed September 16, 2019. Available
at: http://www.enviroflash.info/.

U.S. Environmental Protection Agency, “Find Best Management Practices to Protect
Pollinators.” Accessed October 6, 2019. Available at: https://www.epa.gov/pollinator-
protection/find-best-management-practices-protect-pollinators.

U.S. Environmental Protection Agency, “Soak Up the Rain: Permeable Pavement.” Accessed
October 15, 2019. Available at: https://www.epa.gov/soakuptherain/soak-rain-permeable-

pavement.

U.S. Environmental Protection Agency, “Water Quality Assessment and TDML Information.”
Accessed October 6, 2019. Available at: https://ofmpub.epa.gov/waters10/attains index.home.

U.S. Environmental Protection Agency, “Why You Should Consider Green Stormwater
Infrastructure for Your Community.” Accessed September 24, 2019. Available at:
https://www.epa.gov/G3/why-you-should-consider-green-stormwater-infrastructure-your-

community .

U.S. Environmental Protection Agency, National Oceanic and Atmospheric Administration, and
National Park Service, “Air Now.” Accessed July 10, 2019. Available at:
https://airnow.gov/index.cfm?action=airnow.main.

U.S. Environmental Protection Agency, National Oceanic and Atmospheric Administration, and
National Park Service, “Air Now —Air Quality Index (AQl) Basics.” Accessed July 10, 2019.
Available at: https://www.airnow.gov/index.cfm?action=aqgibasics.aqi.

U.S. Global Change Research Program, “3.4 Climate Impacts on Indoor Air Quality and Health,
An Emerging Issue.” Accessed July 10, 2019. Available at:
https://health2016.globalchange.gov/air-quality-impacts/content/climate-impacts-indoor-air-
quality-and-health-emerging-issue.

U.S. Global Change Research Program. (2018); “Chapter 21: Midwest” in Fourth National
Climate Assessment. Available at: https://nca2018.globalchange.gov/chapter/21/.

Whittmeyer, S. “10 Years Later, Some Katrina Survivors Remain in Indiana.” Indiana Public
Media, August 28, 2015. https://indianapublicmedia.org/news/10-years-katrina-survivors-
remain-indiana-86750/.

Widhalm, M., Hamlet, A. Byun, K., Robeson, S., Baldwin, M., Staten, P., Chiu, C., Coleman, J.,
Hall, E., Hoogewind, K., Huber, M., Kieu, C., Yoo, J., J.S. Dukes. (2018). Indiana’s Past and Future
Climate: A Report from the Indiana Climate Change Impacts Assessment. Purdue Climate

Environmental Resilience Institute Hoosier Resilience Index Technical Document 46



https://www.epa.gov/smartgrowth/flood-resilience-checklist
https://cfpub.epa.gov/npstbx/files/marc_lawnchemicals.pdf
http://www.enviroflash.info/
https://www.epa.gov/pollinator-protection/find-best-management-practices-protect-pollinators
https://www.epa.gov/pollinator-protection/find-best-management-practices-protect-pollinators
https://www.epa.gov/soakuptherain/soak-rain-permeable-pavement
https://www.epa.gov/soakuptherain/soak-rain-permeable-pavement
https://ofmpub.epa.gov/waters10/attains_index.home
https://www.epa.gov/G3/why-you-should-consider-green-stormwater-infrastructure-your-community
https://www.epa.gov/G3/why-you-should-consider-green-stormwater-infrastructure-your-community
https://airnow.gov/index.cfm?action=airnow.main
https://www.airnow.gov/index.cfm?action=aqibasics.aqi
https://health2016.globalchange.gov/air-quality-impacts/content/climate-impacts-indoor-air-quality-and-health-emerging-issue
https://health2016.globalchange.gov/air-quality-impacts/content/climate-impacts-indoor-air-quality-and-health-emerging-issue
https://nca2018.globalchange.gov/chapter/21/
https://indianapublicmedia.org/news/10-years-katrina-survivors-remain-indiana-86750/
https://indianapublicmedia.org/news/10-years-katrina-survivors-remain-indiana-86750/

Change Research Center, Purdue University. Available at:
https://ag.purdue.edu/indianaclimate/indiana-climate-report/.

Environmental Resilience Institute Hoosier Resilience Index Technical Document 47



https://ag.purdue.edu/indianaclimate/indiana-climate-report/

V. Data Links and Data References

Hoosier Resilience Index Data Links

The Index’s excel files, shapefiles, and metadata are publicly available. Detailed information on
attributes, variable names, and definitions can be found in the
Entity_and_Attribute_Information sections in the metadata linked below.

Base Map, Indiana Counties and Incorporated Areas Boundaries

Extreme Heat

Extreme Heat Events, Current

Extreme Heat Events, Medium Emissions Scenario (RCPa4s)

Extreme Heat Events, High Emissions Scenario (RCPsgs)

Extreme Precipitation

Extreme Precipitation Events, Current

Extreme Precipitation Events, Medium Emissions Scenario (RCPa5s)

Extreme Precipitation Events, High Emissions Scenario (RCPss)

Floodplain Land Use

Developed Land within the Floodplain by County, 2010

Land Use Coverage, Groups

Land Use Coverage, Sub-groups (Classes)
100-Year Floodplain
500-Year Floodplain

Social Vulnerability

Overall Social Vulnerability

Household Composition and Disability Vulnerability

Housing and Transportation Vulnerability

Minority Status and Language Vulnerability

Socioeconomic Vulnerability
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https://iu.maps.arcgis.com/home/item.html?id=6059ba25fe094331816c8b1122effd91
https://iu.maps.arcgis.com/home/item.html?id=d8bfa31c1d9b4a9381a78bdc6bc22354
https://iu.maps.arcgis.com/home/item.html?id=6c6692a2e9d541579317e15968223e7a
https://iu.maps.arcgis.com/home/item.html?id=3e25928907a04b1ca79ce8f61d402ee6
https://iu.maps.arcgis.com/home/item.html?id=2ca611c9b08a462c8d040ef2de53a1ea
https://iu.maps.arcgis.com/home/item.html?id=a81b429c6b7e4e978d1370178c55b329
https://iu.maps.arcgis.com/home/item.html?id=af2a7697149644508b0b5a7e2504229d
https://iu.maps.arcgis.com/home/item.html?id=660f51d8a4b14cadad53400779da1a78
https://iu.maps.arcgis.com/home/item.html?id=8174448c2d6748e6adc972ba9edf871d
https://iu.maps.arcgis.com/home/item.html?id=f6c9968878f440fbbe56193c2edc9959
https://iu.maps.arcgis.com/home/item.html?id=d46dc07fbff345818649bae861accada
https://iu.maps.arcgis.com/home/item.html?id=d8f1bdef5f3147489e835c07a18113f6
https://iu.maps.arcgis.com/home/item.html?id=d65d6a009ea54ddb80729367ee40e561
https://iu.maps.arcgis.com/home/item.html?id=d997537cb53f4ae39618593e19cbbe70
https://iu.maps.arcgis.com/home/item.html?id=9133a5b3466947b795078b37cd0fcb67
https://iu.maps.arcgis.com/home/item.html?id=12afb1698202496785d3f0dcf149a5d2
https://iu.maps.arcgis.com/home/item.html?id=496e9733ff2b447187cc75d216a89df7

Climate Vulnerability Data Source References

Extreme Heat and Precipitation

The projected data used to calculate Extreme Heat and Extreme Precipitation were provided by
Alan Hamlet (University of Notre Dame) and the Purdue Climate Change Research Center,
which coordinated the Indiana Climate Change Impacts Assessment, using an ensemble of 10
statistically downscaled global climate model simulations.

Byun, K., and A.F. Hamlet. (2018). Projected changes in future climate over the Midwest
and Great Lakes region using downscaled CMIP5 ensembles. International Journal of
Climatology, 38, e531-e553. Available at:
https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.5388.

Hamlet, A. F., Byun, K., Robeson, S. M., Widhalm, M., and M. Baldwin. (2019). Impacts of
climate change on the state of Indiana: Ensemble future projections based on statistical
downscaling. Climatic Change. 1-15. Available at: https://doi.org/10.1007/s10584-018-
2309-9.

The extreme heat datasets were processed by Scott Robeson (Indiana University) to obtain the
combination of high and low temperatures. The extreme precipitation datasets were processed
by Scott Robeson (Indiana University) to obtain the average number of 2 inch storms per
decade.

Floodplain Land Use

Indiana Department of Natural Resources (IN DNR). (2018). The Indiana “Best Available”
Floodplain Mapping. Available at: https://www.in.gov/dnr/water/9846.htm. Source
updated continually. Download: July 8, 2019.

United States Environmental Protection Agency (US EPA). ICLUS v2.1.1 land use
projections for SSP2 and RCP4.5 pathways. Available at:
https://edg.epa.gov/metadata/catalog/search/resource/details.page?uuid=%7BC0O09CE
AD-8841-4268-B13E-7D01C51F6010%7D. Last updated: March 27, 2019. Download:
Summer 2019.

Social Vulnerability Index

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, Table BO1001H: SEX BY AGE (WHITE ALONE, NOT HISPANIC OR LATINO);
Generated by Mariana Cains; using American FactFinder; http://factfinder.census.gov.
Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, BO6009: PLACE OF BIRTH BY EDUCATIONAL ATTAINMENT IN THE
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https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.5388
https://doi.org/10.1007/s10584-018-2309-9
https://doi.org/10.1007/s10584-018-2309-9
https://www.in.gov/dnr/water/9846.htm
https://edg.epa.gov/metadata/catalog/search/resource/details.page?uuid=%7BC009CEAD-8841-4268-B13E-7D01C51F6010%7D
https://edg.epa.gov/metadata/catalog/search/resource/details.page?uuid=%7BC009CEAD-8841-4268-B13E-7D01C51F6010%7D
https://factfinder.census.gov/

UNITED STATES; Generated by Mariana Cains; using American FactFinder;
http://factfinder.census.gov. Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, BO9001: POPULATION UNDER 18 YEARS BY AGE; Generated by Mariana
Cains; using American FactFinder; http://factfinder.census.gov. Downloaded: April 9,
2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, B16005: NATIVITY BY LANGUAGE SPOKEN AT HOME BY ABILITY TO
SPEAK ENGLISH FOR THE POPULATION 5 YEARS AND OVER; Generated by Mariana
Cains; using American FactFinder; http://factfinder.census.gov. Downloaded: April 9,
20109.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, B17001: POVERTY STATUS IN THE PAST 12 MONTHS BY SEX BY AGE;
Generated by Mariana Cains; using American FactFinder; http://factfinder.census.gov.
Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, B19301: PER CAPITA INCOME IN THE PAST 12 MONTHS (IN 2017
INFLATION-ADJUSTED DOLLARS); Generated by Mariana Cains; using American
FactFinder; http://factfinder.census.gov. Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, B26001: GROUP QUARTERS POPULATION; Generated by Mariana Cains;
using American FactFinder; http://factfinder.census.gov. Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, DP02: SELECTED SOCIAL CHARACTERISTICS IN THE UNITED STATES;
Generated by Mariana Cains; using American FactFinder; http://factfinder.census.gov.
Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, DP03: SELECTED ECONOMIC CHARACTERISTICS; Generated by Mariana
Cains; using American FactFinder; http://factfinder.census.gov. Downloaded: April 9,
2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, DP04: SELECTED HOUSING CHARACTERISTICS; Generated by Mariana
Cains; using American FactFinder; http://factfinder.census.gov. Downloaded: April 9,
2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, SO0101: AGE AND SEX; Generated by Mariana Cains; using American
FactFinder; http://factfinder.census.gov. Downloaded: April 9, 2019.
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U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, S0601: SELECTED CHARACTERISTICS OF THE TOTAL AND NATIVE
POPULATIONS IN THE UNITED STATES; Generated by Mariana Cains; using American
FactFinder; http://factfinder.census.gov. Downloaded: April 9, 2019.

U.S. Census Bureau; American Community Survey, 2017 American Community Survey 5-
Year Estimates, S1501: EDUCATIONAL ATTAINMENT; Generated by Mariana Cains; using
American FactFinder; http://factfinder.census.gov. Downloaded: April 9, 2019.
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