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Technical Report Brposes

ThisTechnical Bport details the process that went in to developiaglumanVulnerability

Index relativeto extreme heat andurfacefloodingwithin the severcounty metrgolitan

region.This Climate Vulnerability Assessm@dVAses a spatial analysis@pach by looking

at specific humarvulnerability indicators in relation to place type vulabilities ofextreme

heat andsurfaceflooding through the creation of map$hisCVAs being conducted for the

Metropolitan Counci{Council)a 17member regional policynaking body and planning agency.

The Cancilprovides many services in achievinGth NJ YA a3dA 2y 2F aF2a0SNAY-:
SO2y2YAO0 ANRgIKE F2N) GKS NBIA2YI AyOf dzRS LI |y
wastewater treament services, Metro Mobilitya SG NP ¢ NI yaA i Qa o6dza FyR N
This report builds off the worktia OF YS 2dzi 2F (GKS aSOUNRLREAGlIY |
initiative, which was developed to help the Council address new planning challenges and
opportunities as they arise.

G¢lwL+29 a{t HnAann A& GKS @AaArzy FT2NJ 2dzNJ NB:
our concerns and aspirations, anticipates future needs in the region, and
FRRNBX&aSa 2dzNJ NBalLkRy adTaeMetfopobtan C@uné dzi dzNBE 3 Sy

Thrive MSP 204frescribes policy goals for the CVA to addréks.document lists

Sustainability asne of five desired outcomes that emrise a shared regional visiamd
ARSYUAFTASE G.daAf RAY3I Ay wSaAf ATGafdeSsithededvo2y S 2 F
items and align witihrive the Council must respond to the effects of climate chanigés

planning and operational activities, identify and address potential vulnerabilities in regional
infrastructure, and provide related information and assistance to local communities.

ThisTechnical Bport was prepared by a team of graduate studentsrirthe Humphrey School

of Public Affairs at the University of Minnesota as a capstone projéds is the second report

of this type to come out of the Master of Urban and Regional Planning capstone project, and it

follows closely to the methodology and SNHzO (1 dzZNBS | & G KS LINBGA2dza G S| Y
MURP team conducted@VA for the City of Minneapolis amésconsulted in creating this

analysis Ourteamalsocollaborated with many professionals and expertdich helpedjuide

the creation of the huran vulnerability indicatorsWe were encouraged to builéfom and rely

on existing reports of this typleut to adapt it to our specific region and indicators.

1 Metropolitan Council, (n.d.THRIVE MSP 2040. Retrieveitps://metrocouncil.org/Planning/Projes/Thrive-
2040.aspx



The Metropolitan Council asked that this Climate Vulnerability Assessment address these two
mainquestions:
1. Which areas within the metro region are staulnerable tdlooding andextremeheat?
2. How do these areas of vulnerability affect communities based on knownesmmomic
data and socialhuman)vulnerability indicators?

This Technical &port serves these purposes:
1 To show the methodology batl the development of the Human Vulnerabilibhdexas
well as the spatial scale usedhta sources, availabilitgnd limitations.
1 To provide documentation for how the assessment was performed for traespgs and
replicability.
1 To providedata setsand mapsallowing staffto access the datased for this
assessmenor their own purposes.

Organization of Technicaldport

Section 1 addresses tlwrerallvulnerabilityassessment desigithis section ab provides
baclground onthe placebasedvulnerabilities toextreme heat andurface fooding

Section Aetails the humarvulnerability indicators used in this analyaisd the process behind
their developmentlt also provides justification for thiadividual Human Vulnerability
Indicatorschosen for this CVA, including the data souesel level of analysis.

Sections 3 and 4 provide an explanation of the methodology the Council used in creating the
HeatHazard Indexand Flood layeBasenaps used fothis analysis.

Section 5 provides explanatiaf map creation processemd detailsdataused inthis analysis.

Section 6 provides all the IFhan Vulnerability mapsreated for this CVA, including both the
aggregates and small multiples for both heatldlood, for a total of 30 maps.

Section 7 provides dlhe GIS dataised for the creabn of maps andPower®int presentations.
Appendix A provides a stepy-step description of the GIS map creation process

Appendix B provides explanation of the doglcenter data acquisition. The datawere not
part of theformal analysis, but it helped provide informaticor bverall recommendations.

Appendix C is the GIS data digoler provided by theCouncil for theHeat Vulnerability
Basemap and Flood Layers.

Appendix D describes the developmeritthe Social Network indatorand justification for its
inclusion in climate vulnerability assessments.



1. Assessment €sign

This section provides context and relevancelfow climate vulnerability interacts withuman
vulnerability. This section also provides context for why this assessment is looking at climate
events of extreme heat and surface flooding.

1.1 TheVulnerability Model

Climate and weather impact not only the built environment and infrastructuu the people

who live there as well. In Mirgsota, extreme rain eventnd extreme heat events are

projected to become increasingly more frequent in the coming years. While severe weather
causes problems for everyone living and working in the region, smmenunity members face
greater difficulties adapting and responding to those events than others. Understanding what
areas of the region are most susceptible to extreme Wweakvents is important, but iti

critical toalsolook at those areas in terms d@he humanvulnerabilty. This enhanced

awareness of humanulnerability in relation to placebasedvulnerability will better inform
adaptation and mitigation strategies for local municipalities.

Figurel shows the relationship of climate, sensitivignd adaptive capacity as they relate to
vulnerability.
G/ tAYFHGS @dz ySNIoAfAlGe RSLISyRa 2y SELR
(adapted from IPCC 2012). Climate exposure is the extent and magnitude of a

climate and weather event. Sensitivity is thegree to which the area of concern
is susceptible to a climate impact. Adaptive capacity it the ability of the area of

O2y OSNYy (2 IR2dzald 2NJ NB&LRYR (2 GKS OKI

Climate Exposure " Sensitivity & Adaptive Capacity

Current and Future ‘
economic Environmental \

Temperature, Precipitation, ;
& Extreme Events attributes Exposure

Figurel: Climate Vulnerability

2Ppetersen, A., Hals, H., Rot, B., Bell, Jleill, Parks, J., Stults, BD14.Climate Change and the Jamestown
{QYtFEELY ¢NARAOGSY ! [/ dzald2YAT SR ! LILINE I OMichigah Jourharof | G S
Sustainality, (Fall 2014 Volume 2.

a dzNJ

y 3 A
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Thisassessmet aims develop adumanVulnerability hdex relevanto extreme heat and
surfacefloodingevents The definition of vulnerability that will be used for this report states:

The characteristics of a person or group and their situation that influence their
capacity to anticipate, cope with, resist and recover from the impact of a natural
hazard or other climate hazafrdMDH

The ability to cope with, resist, and recover from climate events is multifaceted,
encompassing both direct and indirect effects. Whiteme populations may be better
prepared for climate events themselves, they may be less equipped to handle and recover
from indirect effects that arise post event. This is due in part to the ability to anticipate
or see direct effects as they occur whitglirect effects can arise weeks, months, or even
years after the event itself. Figure 2 below from the Minnesota Department of Health
illustrates some of the most pressing direct and indirect health effects of heat and
precipitation climate events relevam this Minnesota context.

3 Minnesota Department of Health. 2014, Octobkfinnesota Climate Change Vulnerability Assessment 2014.
Minnesota Climate & Health Program (health.mn.gov/climatechange/)



CHANGES IN OUR ATMOSPHERE LEAD TO HEALTH EFFECTS

rise in atmospheric
GREENHOUSE GASES

rise in TEMPERATURE

change in PRECIPITATION

AIR POLLUTION EXTREME HEAT FLOODS & DROUGHT ECOSYSTEM THREATS
Direct effects Direct effects Direct effects Direct effects
» Initate or #»Heat stress and # Mental stress »West Nile virus
WOrsen illness »'Waterborne »Lyme disease
respiratory, #Worsening of disease # Liver,
cardiovascular pre-existing » Drowning and respiratory,
and other conditions injurles nervous, skin
diseases »Heat-related Indirect effects disorders (from
Indirect effects maortality » Respiratory harmful algal
» Reduced Indirect effects ailments |:|uum5%
visibility # Infrastructure » Disruption to Indirect effects
» Reduced failures economic and »Threats to
productivity at »5train on social netwarks livelihood
work ar school essential #Strain on #Financial
» Degradation services essential strains
of crops and # Disruption services
water bodies to key social » Wildfires
networks

Figure 2Sourcehttp://www.health.state.mn.us/divs/climatechange/climate101.html



http://www.health.state.mn.us/divs/climatechange/climate101.html

1.3 Analysisof Vulnerability toExtreme Heta

Climate and health are intricately connected and weather events such as extreme heat presents
serious public health concern&sclimate change progresses, extremeatherevents are

expected to occur more frequently and with greater setye While exteme heat presents a

burden tobuilt infrastructure and demand for increased cooling lgazstain populations are
especially vulnerable due to limited income, mobilitgge and ethnicity, health statusocial
factors,ability to communicate and accessmmunity resourcesThe Minnesota Climate and

Health Program, which is part of Minnesota Department of Healthsgus these key summary
points in relation to Extreme Heat Events (EHE):

 a Ay y S alinaté hAsibecOme warmer and more humid

1 Minnesota may eperience more frequent and/or intense EHE

1 Minnesota may experience higher morbidity and mortality due to EHE

9 Certain populations are more vulnerable to EHE

1 Public Health practitioners should be aware of where those populations are located and
know how to nitigate the risks to EME

Theb I A2yt hOSFYAO YR ' GY2aLIKSNAO ! RYAYAAGNT
a heat index map that is color coded to indicate the likelihood of heat disorders occukang.

can be seen in Figel 3, extreme cautiond advised for prolonged exposure or strenuous activity

in the 90degree to 108degree range.

NOAA's National Weather Service

Heat Index
Temperature (°F)

80 82 B84 B6 88 90 92 94 96 98 100 102 104 106 108 110
40 |80 81 83 85 88 91 94 97 101
45 |80 82 84 87 89 93 96
50 |81 83 85 88 91 95 899
56 |81 84 86 89 93 97 10
60 [82 B84 88 91 95 100
65 |82 85 &8 103
70 |83 86 80
75 |84 88 92
80 |84 89 84
85 |85 90 96
90 |86 91 98
95 |86 93 100
10087 95 103

Relative Humidity (%)

Likelihood of Heat Disorders with Prolonged Exposure or Strenuous Activity

[ Caution [ Extreme Caution B Danger Bl Extreme Danger

Figure2: NWS Heat Index sourced fréip://www.nws.noaa.gov/om/heat/heatimages/heatindexchart.png

4MN Climate and Health Program. October 20B2treme tdat Events, Climate Change and Public Health.
Minnesota Department of Health Environmental Impacts Analysis Unit.


http://www.nws.noaa.gov/om/heat/heat-images/heatindexchart.png

Taking this into consideration, we obtained heat trend maps from the Great Lakes Integrated
Sciences and Assessment Center (GLISA), based out of the University of Michigan. Figure 4

shows botha historical map of heat trends from 192000 as well as a projected map for
204kHnTn® 2KSy f221Ay3 4G GKS&asS YILA Ay NBfFGAz2
extreme heat is going to become a growing concern for the metropolitan area and popuslation

that are the most vulnerable to episodes of extreme heat.

As can be seen in Figurddlow,the number of days per year that will be over 90 degrees are
expected to increase in frequency. Between the periods of 48JI0, there was an average of
6 to 12 days per year in the metropolitan region that were above 90 degrees.nlinaber is
projectedto increase to an average of 2540 days above 90 degrees betwetbe years of

2041 and 2070 if emissions remain high.

Historical Number of Days Over 90°F Projected Change in the Number of Days Over 90°F
Period: 1971-2000 Period: 2041-2070 | Higher Emissions: A2

Change in Number of Days Per Year Change in Number of Days Per Year
<T I - =] I I [

3 6 9 12 10 15 20 25 30 35 40

Figure3: Data Source: Great Lakes Integrated Sciences + Assessment Center (

This analysisf extremeheat inthe region used a Heddazard Index Basemapeated by taff
at the Cauncil. This approach normalizeédnd Surface Temperaturevalues into an index from
Very Low to Very Higlvhich createsa means for comparing regionshisHHImap was
overlaidwith the aggregated@nd directHumanVulnerability Indicatosto assess human
vulnerability to extreme heat events.



1.4 Analysis of Vulnerability ®urface~looding

The Midwest has seen an increase in very heavy precipitation in the last 50 years.
Understanding vulnerability to flooding presents different challengestialnerability to heat.
Howeverindividual indicators have different degrees of vulnerabjliythe vulnerability may
occur at a different time in differergxtreme weather everg Forexample, an emergency room
visit for asthma is more likely to occur during or ghoafter an extreme heat event. In
contrast,asthma can be triggered by mold growth, which is an adfégct infloodingevents

The following is a list of potential impactrom flooding provided by MDH:

Physical Injuries and drowning

Mold allergies

Food and wateborne illnesses

Temporary or permanent displacement from home

Stress, anxiety, depression

Damage to infrastructure, such as roads and bridges, may interruplay @mergency
service$

= =4 =4 4 - -

Observed Change in Very Heavy Precipitation

3 127%!

W

33%

Change (%)

1] C] .

<0 0-9 10-19 2029 30-39 40+

Figure4 Map of Observed Changes in Very Heavy Precipitation,

Minnesota has seen increasingly more rainfall since 1958, as shown in Figure 5. Intense rainfalls
are expected to increase as an effect of climate change and shifting weather patédimes.

5MDH, (n.d.)Water Quality and QuantityRetrieved online on April 15, 2017 from
http://www.health.state.mn.us/divs/climatechange/water.htm



map shows percentage increaseslire amount of precipitation falling in very heavy events
(defined as the heaviest 1% of all daily events) from 1958 to 2012 for each region of the
continental United States. Theends are larger than natural variations for the Northeast, the
Midwest, Puerd Rico, the Southeast, the Great Plains, and Alaska. The trends are not larger
than natural variations for the Southwest, Hawaii, and the Northwest. The changes shown in
this figure are calculated from the beginning and end poaitthe trends for 1958 t®012£°

Heavy precipitation is defined as the 2% heaviest precipitation events in a giverhaceading
to the projection maps provided by GLIGAgure 6)the number of 2% heaviest precipitation
events are projected to increase by about 1 day in Msuta.

( 1
Yo
1
. - -
e 'S hed WENSQLY ¢ LT
Change in Number of Days Per Year Change in Number of Days Per Year
I <1 =] Jie———— 4
0.50 0.75 1.00 1.25 0.50 0.7 1.00 1.25

Data Scurce: Great Lakes Integrated Sciences + Assessments {GLISA)

Figure5 Scenarios for Increased Heavy Rainfall Events, GLISA

Staff at theCouncil created base maps focalized floodingevents using LIDAR datdeT
AaKIHtf2pSald WeashreraidiitRttedigeeFadar direcHumanVulnerability
Indicators.

SNCA. 2014dFigure 2.810bserved Change in Very Heavy Precipitadi®etrieved online April 15, 2017 from
http://nca2014.globalchange.gov/report/ouchangingclimate/heavydownpoursincreasing



2. HumanVulnerability In@x

When developing the Human Vulnerability Indese, first boked at other completed C\¢fas

well as academic literaturd.he amount of literature regarding climate and climate apan
vulnerability assessments has grown substantially over the past 10 years. Increasingly, CVAs are
being conducted by governing bodies at varying scopes and scales as opposed to being a strictly
academic endeavor. This expanidh® pool of resources, refences, and ideas for developing

CVAs. However, the Metropolitan Council is a unique governing structure in a Midwestern

state, making some CVA variables and methodologies more relevant than others. Therefore,

our literature review began with Minnesota spgc and regional CVAs. Select statewide CVAs

were also reviewed. Additionally, we looked more specifically at heat and flooding

vulnerabilities in CVAs; other studies also included air quality, sea level rise, and storm surge
vulnerability, the latter os KA OK | NB y 20 LISNIAY Sy Theiepavdl KS ¢ g Ay
been three notable CVAs conducted in Minnesota:

1 Minneapolis Climate Change Vulnerability Assessment
1 St. PauRamsey County Public Health Climate Change Vulnerability Assessment
1 MinnesotaDepartment of Health Climate Change Vulnerability Assessment

These three reports focused on issues relevant to Minnesota andded insight as to what
data areavailable through state resources as well as the possibilities for studying other
geographt levels within the state. We relied heavily on these reports when developing our
indicators.

The Minneapolis Climate Change Vulnerability Assessment, May 2016, was conducted at the
Orde tS@St SEIFYAYAYy3d dzNbly KSlrehs ohMirndagols. & K 2 (i & LJ
These geographic and infrastructure variables were compared alongside health and social
vulnerabilities.Of all the literature reviewed, this CVA matched indesely with the climate

and human variables th€ouncil would like to corger. It also helped to determine the census

tract level spatial scale of analysighile finer geographies are available for American

Communiy Survey data, the data also havigher margins of erroMinneapolis useadensus

tracts, which decreased the ngin of errorand better mimicked the spatial breakdowns of
neighborhoodsn Minneapolis. & also used census tracts; hoveeysome healtkrelated data

were only available at the county or zip code level.

The St. PatlRamsey County Public Health CVA (8RRRJ;, April 2016, was conducted at the
O2dzyie fS@OStd ¢KAA Aa o0SUGGSNI adzAdSR (G2 GKS /2
ecological changes as they relate to health. Additionally, the report discusses future population

and demographic projeains as well as their potential influence in creating climate action plans
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and reducing vulnerability. This fits within the CQuR  Q &

NEIA2ylf NBalLlR2yaAo.

analysis is not creating future demographic projections. Ratiés report crea¢sa snapshot
of current conditiors and provides a duplicable methodology for future analyses

The Minnesota Department of Health CCVA, 2014, focuses on potential health impacts and
changing ecological conditions statewide. As part of their methodolM@H staff conducted a
thorough literature review, capturing large and significant CVAs and academic CVA research
prior to 2013. This provided a foundation for our literature review, allowing us to focus on
studies and reports completed from 2014 througtegent day. The report is thorough both in
terms of the breadth of climate issues discussed and how vulnerable populations are identified
for each climate event. This provides more detail to officials as opposed to grouping all
vulnerable populations forfat Of AYI S S@Syida

Ayau2 2yS a@dz y SN

Table 1 lists the indicators used in each Minnesota CVA in relation to heat and flooding. Some
indicators such as age and level of poverty were used by all, while some indicators stand alone.
Thi helped inform our process when choosing our indicators. The MDH CVA used more
vulnerability indicators than what Issted below; the listed indicators weresed specifically for

vulnerability to heat and flooding.

Table 1: Indicators Used in Existitjnnesota CVA Reports

City of St. Pau Minnesota
, . . Ramsey
Indicator Minneapolis County CVA Department of
CVA, 2016 ' Health CVA, 2014
2016
Aged 65 years or older X X X
Population Over 80 years X
Aged 5 years or younger X X X
% living at or below the fderal X X X
poverty level
Proportion of Families with
Children Living at or Below
Poverty
{LSK]1 9y3frak X X X
gStfé€
Percent of People of Color (nen
White, non-Hispanic)
All Occupied Housing Units in X
Multi -Family Housing
Renters X

11



Table 1: Indicators Used in Existing Minnesota CVA Repedatinued)

City of St. Paul Minnesota

Indicator Minneapolis Ramsey Department of

CVA. 2016 Couzng{(SCVA’ Health CVA, 2014

Proportion of Mobile Homes X X

Air Conditioning (percenbf X
resident parcels with central air
conditioning)

Employed People aged 16 or X

Older Who Work Outside

% of Workers Employed X

Outdoors by Industry

Disability noninstitutionalized X

population who report a

disability

Occupied Housing Units ithout X
Telephone Service

People 16 years or older who
walk or bike to work

Less than High School Diploma X

aged 25 years or older

Heat Related Emergency X

Department Visits

Asthma Emergency Departmen X

Visits

Heart Attack Hospitalizabns X

The indicators from th€VAs shown in Table 1 were usefutieveloping our set of indicators.
However, we decided to structure our indicators slightly differently. Our original intent was to
look at socieeconomic vulnerability, but we felt thavas too narrow of a lens when assessing
vulnerability to extreme hat and flooding. Thereforeve created six categories, with two of
those categories counting as direct indicators and the other four being aggregates of other
vulnerability characterist& This allowd us to use an aggregategd@oach to look aboth
individual vulnerability factors andompositeconditions providing a richer context to
avulnerability€ Since this report focuses dhe sevencounty region, we felt thiglivisionwould
be useful for individual communities who may want to focus more on specific indicators or
remove an indicator that is not a major factor in their community. This Human Vulnerability
Indexcan be seen ifigure 7 on the following pagand is the foundation athis assessment.

12



As mentioned aboveahe Human Vulnerabilityndexincludes both direct and aggregated
indicators.A direct indicatolis a standalone variable. Through both climate vulneratdiid
non-climate research, theseariables have been foundotbe main determining factors for
disadvantage and vulnerability, often being correlated with other vulneralfditjors. In this
Index, direct indicators are race/ethnicity and poverty. Unlike some of/én@bles in
aggregatectategories (or indirectmdicators), thesevariablesdo not need to be part of a larger
lifestyle picture to greatly influence vulnerability and disadvantage. Additionally, these direct
indicator variables are most requested to be examined on their own because of their
connectiongo equity initiatives region wide.

% Renter
Social Network
Homeowner Tenure < 2015

% Unemployed

% Education Less Than HS

Asthma Hospitalizations

Health
COPD Hospitalizations
% Age < 5yrs
% Age > 65yrs
Humar_1‘ % w/o Health Insurance
Vulnerability
Accessibility

% HH w/o Vehicle

% w/Disability

\ Proximity to Hospital > 6 Miles
SWR Communication ~—
\ R % English Proficiency < Very Well

o % HH w/o Telephone Access

[ People of Color  pus— % Residents of Color

Figure7: Vulnerability Indicators for the Metropolitan Council's CVA

Thefollowing pages provides bothable 2: Vulnerability as it relates to Extreme Heatwell as
Table 3Vulnerability as it relates t8urfaceFlooding. These tablggovide detail on each
indicator, including the level of analysis that was used, the data source, and thensefctie
Technical Document whetbe corresponding map can be founthe remainder of this section
providesrationalefor each individual indi¢ar in this Human Vulnerability Index
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Table 2 Vulnerability as it relates tdextreme Heat

Vulnerability Indicator

Level of Analysis

Source

Section of Technical
Document: Map

Human Vulnerability: all

Census Tract and

indicators modified zip code Al SErmsEs &l
Poverty @ 185% Census Tract ACSZ%ylré 22 6.3.1
Residents of Color Census Tract ACSZ%ylré 22 6.4.1
Social Network Census Tract 6.5.1
% Renter Census Tract AES i, A0 6.5.3
2015
Tenure < 5 years Census Tract ACSZSOylré Z0L 6.5.4
Unemployment Census Tract ACSZSOylr,S Z0L 6.5.5
% < High School Degre Census Tract ACSZSOylr,S 201 6.5.6
Health Aggregate 6.6.1
Age <5 years Census Tract ACS Syr, 2011 6.6.3
2015
Age > 65 years Census Trdc ACSZ%ylré 20k 6.6.4
L Census Tract MDH, ZIP code
ERGvisits; Asthma modified zip code 20092013 sdis
o Census Tract MDH,COPD ZIP
AIEIEIES (SOlHD modified zip code | code 20162014 6.6.6
Accessibility Census Tract 6.7.1
Health Insurance Census Tract ACSZSOylr,SZOJ:l 6.7.3
Car Ownership Census Tract ACSZ%ylr,S 20 6.7.4
s ACS 5yr, 2011
Disability Census Tract 2015 6.7.5
_— : Hennepin County
Proximity to Hospitals Census Tract GIS open data 6.7.6
Communication Census Tract 6.8.1
English Proficiencyess Census Tract ACS 5yr, 2011 6.8.3
than very well 2015
Telephone Census Tract ACSZE:)ylré AU 6.8.4
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Table 3 Vulnerability as it relates to Surface Flooding

Vulnerability Indicator

Level of Analysis

Source

Section of Technical
Document: Map

Human Vulnerability: all

Census Tract and

All Listed Sources

indicators modified zip code 6.2
Poverty @ 185% Census Tract | ACS 5yr, 2011
6.3.2
2015
Residents of Color Census Tract | ACS 5yr, 2011
6.4.2
2015
Social Network Census Tract 6.5.2
% Renter Censudract ACS 5yr, 2011
6.5.3
2015
Tenure < 5 year, Census Tract | ACS 5yr, 2011
6.5.4
2015
Unemployment Census Tract | ACS 5yr, 2011
6.5.5
2015
% < High School Degrt Census Tract | ACS 5yr, 2011
6.5.6
2015
Health Aggregate 6.6.2
Age <5 year: Census Tract | AGS 5yr, 2011
6.6.3
2015
Age > 65 year, Census Tract | ACS 5yr, 2011
6.6.4
2015
ER visits: Asthm Census Tract | MDH, ZIP code 6.6.5
modified zip code | 20092013 e
Hospital: COPI Census Tract | MDH,COPD ZIP 6.6.6
modified zip code | code 20162014 e
Accessibility Census Tract 6.7.2
Health Insurancg Census Tract | ACS 5yr, 2011
6.7.3
2015
Car Ownershiy Census Tract | ACS 5yr, 2011
6.7.4
2015
Disability Census Tract | ACS 5yr, 2011
6.7.5
2015
Proximity to Hospitals Census Tract | Hennepin County
6.7.6
GIS open data
Communication Census Tract 6.8.2
English Proficiency; les Census Tract | ACS 5yr, 2011
6.8.3
than very well 2015
Telephone Census Tract | ACS 5yr, 2011 6.8.4

2015
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2.1 Poverty: Drect

Population below 185% federal poverty line
Table S17Q-Poverty status ithe past 12 months

This indicator was used by all three of the existifignesota CVA reporteviewed for this
CVAFor this indicator, we agreed with thrationaleused in theMinneapolis Climate Change
Vulnerability Assessment, which states:

G AWKXYBR2ISNIE YAIKGEG 6S OKINIYOGSNARAT SR o6& KI
disposal, in general and in times of crisis. Cutter étesdcribe the eéfct of

a2 0A2S02y 2 Yhe abiliti td Absodzdossesand€nluarresilience to

hazard impact€Povertyas an indicator represents a lack of the inherent

resilience that comes with wealth and socioeconomic status. Poverty has been

associated with overall higher rates of poor quality housing, more limited ability

to respond to emergency warnings or make @rgpions in advance of

impending hazards, greater dependence on social assistance, and greater

difficulties in recovering livelihoods following a natural hazard e¥d@hese and

other associated factors combine to create the link between poverty and

vulnerability. Communities with high levels of those living under the federal

poverty line may also face a situation in the event of extreme heat atifigo

GKSNBE Yl ye | NB O2Y Lis thd sarieshask deyices K Bleety 2 YSY 12 Q
basic needs. Not only maeople be less likely or able to seek medical help, those

services available and accessible to them may be overwhelmed in an extreme

heat or flooding evend?

Limitations:dWhile the poverty vulnerability link is strong and may seem self

evident, Cannowarns that the two should not be seen as synonymous and that

implying causality between poverty and vulnerability discounts the capacities

that exist to create a greater resilience to natural haza®dS & LJA G S0 L2 SN & ¢ @

" Cutter, S. L., Boruff, F. J., and Shirley, W. L. (26332 OA | £ +dzf Y SNIJ 6 A f A (i Bocidl Sciecg’ GA NR Y Y
Quarterly,Vol 84(2), pp 24264.DOI: 10.1111/154®237.8402002

8 Morrow, Betty Hearn1999."ldentifying and mapping communityulnerability."Disaster23.1: 118.

® Technical Report: Minragolis Climate Change Vulnerability Assessment, 2016

0 Cannon, Terry. 200Reducing people's vulnerability to natural hazards communitesrasilience, Research

paper UNUWIDER,No. 2008.34, ISBN 9789292300807
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2.2 Residents of ColoDirect

Perent people of color (selflentified) Percent of population identifying as anything except
GoKian$ A &Ll yAOé
Table: BO300Hispanic or Latino Origin by Race

Using race as an indicator for vulnerability was greatly supported by both acadiematulie

and other CVAs. Cuttet. al (2003) described the vulnerability associated with @s@he lack

of access to resources, cultural differences, and the social, economic, and political
YENBAYFEATFGAZ2Y GKFEG A& 2 PiBScdusd oindited GekdurdeS R 6 A (i K
and cultural differences, etc., minorities are more likely to livpamerty, to live inareas

vulnerable to climate hazardgue to real estate discrimination and poverty effects), to be
geographically and economically is@dtfrom jobs, serviceand institutions, and to have

strong trends of language and cultural barriers which affect access tedpgsstter funding:'?

Taking these factors into consideration, the limitations around this indicator need to be
addressedHereagain, the languagesed in theMinneapolis Climate Change Vulnerability
Assessmerd SSYSR | LILINR LINR I S T2 NJ ,ivkich dtates:S OKYy A OF £ wS

GIAYAGFGA2YAaY LYy Ylye ¢gleas AG A& dzyO2Y T 2N
race. A disceing view would see race as the canvas upon which socioeconomic

and health disparities have played out throughout history, creating differences in

access, mobility and life chances that express themselves through greater levels of
vulnerability. Defining ree in this assessment as all persons of color, or those who

I NE LISNB2Yya 2F O2f2N) 6& Q@ANIdsSS 2F GKS 7T Od
| AaLl yAOzZ¢ ONBFGSa | GNBFGYSyd 2F NI OS GKI
cultural and demographic, #t exist between different nonwhite communities.

Nonetheless, this assessment takes the view that it is important to recognize the

reality that vulnerability does play out in the arena of race, especially in light of the

fact that the Twin Cities Metro Aaeis forecast to see significant growth in

LJ2 LJdzf F GA2ya 2F O02f 2MM20SN) GKS O2YAy3a RSOIFR

U cutter, S. L., Boruff, F. J.,and Shiflep [ ® 6Hnno0® &{20Al € +dzf W&l 6Af AGE (2
Science Quarterly/ol 84(2), pp 24264.DOI: 10.1111/154®237.8402002

12 |bid.

B Phillips, Brenda D., and Betty Hearn Morr@®07."Social science research needs: Focus on vulnerable

populations, forecasting, and warning®atural Hazards Revie®:3: 6168

¥ Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016
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2.3 SocialNetwork: Aggregate

The individual indicators that form the Social Network Aggregate incleteent Renter,
Homeowner Tenure since 2018nemployment,and Education evelless than a High School
Diploma.Social Mtworkswas chosen as a Vulnerability Indicator because the strength of a
peNE 2y Q& & 2 OAimpacttyfed bedalth dlilcomés déiring extreme heat or flooding
events.Qupporting literatureexplains how the level okocial networkplaysa role in mortality
rates as well as resilience post evelsteport issued by the Center for American Progress
explicitly studies how social networksakes communities more resilient in the face of extreme
wedaher events, spefically lowincome communities:

Gwdzald a GKS [/ KAOF3I2 KSFG o ¢heomeRA &AL | 8 SR
communities during extreme heat events, it also spotlighted the resilience of

socially cohesive communities in the face of extramather. Researchers found

that 3 of the 10 Chicago neighborhoods with the lowest rates of-tedated

deaths were lowncome, African American communities. The reason that

communities with similar demographics fared so differently was high levels of

community interaction and organization that decreased isolation among

residents. Put differently, socially cohesive communities in which people are

engaged in social or civic events enjoyed increased resilience against extreme
GSIFOIKSN¥SOSyiade

Studies havereated ways to measurgocial networks, which could also bdewed to as
community cohesion. élvever, there tends to be a heavy reliance gnalitative assessments
of individual communities that are geographically boundhich is not realistic given the
regional scale of this analysior example, oe study out of Johns Hopkins Univer¥ityorked
to develop an instrument that could measure an aggregate of indiwldwal variables, which
are found to be related to community cohesion. While this studgnprily used qualitative
methods, they also collected demographic information to see if they could determine
predictors.The findings of this study (Buckner et. al) were also useful in developing this
indicator category.

S Baussan, 2015, MaySocial Cohesion: The Secret Weapon in the Fight for Equitable Climata&e€itinter
For American Progress.

16 Buckner, J1988 The Development of an Instrument to Measure Neighborhood Cohdsiams Hopkins
University
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Given the qualitative nature dhese data and its exclusion from other reviewed CVIAs,was
the most challenging indicator to develoBurtherexplanation of oudevelopmentprocess can
be seen in Appendix D: Social Network Indic&ationale Rationalefor the individual
indicatorsthat make up the Social Network ledtor are in sections 2.3.1 through 2.3.4

2.3.1 Rentes

Percent renter occupied households
Table: B25003 enure of Occupied Housing Units

Renters were chosen as a vulnerability indicator because they tend to havedesol over

both the quality oftheir housing condition anthe location ofwhere they live Cutter et. al

(2003) also suggests that renting can be an indicator of limited resotrée$ O dza S G KS@& | |
either transient or do not have the financial resoesdfor home ownership X’ Vulnerability to

both extreme heat and surface flooding can occur prior to the event, during, orwdsty’ i S NA Q
vulnerability can often come after the impact of a natural disaster or magather event,

where renters tend to havéewer resources to put toward recovery and fewgrancial options

made available to them. Rentership representsratirect factor of vulnerabilitandnot an

inherent characteristid®

2.3.2HomeownerTenure: moved iR015or later

Percentof Homeownershat moved in 2015 or later
Table: B25038 enure by Year Householder moved into Unit

People who hae not lived in the same location ftong tend to have fewer resilient
relationships in the neighborhood. They may have less awareness of where to sse&ssss
and how to problem solve with resources availafleis indicator was notsed in any of the
CVAgseviewed for this report, but this concept is supported by literature looking at the effect
of community cohesion and a neighborhoods ability to harttle pre, during and post events
of extreme heat or floodingBuckner et. al (1988) fourtie demographic characteristics that
are predictors of community cohesion are years lived in the neighborreadievel of
education Level of education showed a gative relatonship with community cohesion,

Y9I dziGSNE {® [®Z . 2NHATFSES Cod WO YR { KANI S&SbciabStienfe® 06 H N 1 ¢
Quarterly,Vol 84(2), pp 24264.DOI: 10.1111/1548237.8402002
8 Technical Report: Minneapolis Climate Chawgierability Assessment, 2016
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whereas years lived in the neighborhood was positively correl&t€adr that reason, we found
data thatwould allow us to map homeownsgtthat are new to the area, suggesting that their
short tenure may negativglimpact their level of social networks in their immediate area.

2.3.3 Unemployment

Percent unemployed

Table: S230Employment Status

Ly GKS fAGSNI dzZNE NBE A SRS a0ASIYKLIE 62382YCRyRISEO 2Aya2 YUA
Cutteret. al described soseconomic status as consistingin€Eome, political powerand

prestige?® meaningthose whoare unemployed have lesscome or status, antheir ability to

recoverfrom disaster or other eventis hinderedFor flood and heat events, this report

uncouplest SYLJ 28 YSyidé FTNRY aAyO2YS¢ a2 GKFEG AG Aa
AyaidSEFR I O2y (sotikldatniprkgysd T OG2NJ (12 «

We justify this concepuith the idea thatd A Yy Qézandidered in this index by poverty level,

will cover the issues of aess to wealth and stas. In the Human Vulnerabilitpdiex it is more

meaningful to consider and account for how employment indicates connection to a network of

people ouside of family andsocial circles; Y R K2 ¢ aKIF GAy3a | 220é OlFy 0
other than providing income or political status @ower.

2.3.4Educational AttainmentPercent less than a High School Degree

Educational Attainment
Table: S150Educational Attainment

Cutteret. alarguesd 9 RdzOlF G A2y A& f Ay 1 SRhhigBer eli®abidnalSO2y 2 YA O
attainment resulting in greater lifetime earnings. Lower education constrains the ability to

dzy RSNR UGl YR 6FNYAy3I Ay T2NNIE (A 2YWehaldseléc®doBra a G 2
GKNBakK2fR |a af Saa G Kthefattdf aleinknt gf QEGIAI2SINED &0 2R Sl-aGONR diz

19 Buckner, J1988 The Development of an Instrument to Measure Neighborhood Cohdstums Hopkis

University

2 dzi G SNE {@® [ ®PT .2NHATFTZ CP® WOT FyR { KANI S&SbciabStienfe® 06 H 1 1 ¢
Quarterly,Vol 84(2), pp 24264.DOI: 10.1111/1548237.8402002

2 Cutter, S. L., Boruff, F. J., and Shirley, W. Lo(20@® & { 2 OA L f +dzf Y SNI 0 A fSdcialSciein 9y FA N.
Quarterly,Vol 84(2), pp 24264.DOI: 10.1111/154®237.8402002
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GLYO2YS¢ O20SANH B3 NYAfyABSIAYR SINYyAy3Iaég o6SAy3
specific flood and heat events.

2.4 Health- Aggregate

The individual indicators that form the Health Aggregatadatbr include: Age 5 years and

Younger, Age 65 Years and Older, Asthma Hospitalizationshamic obstructive pulmonary

disease COPDHospitalizations5 SG SNYAY Ay 3 I 02y OSLIidz2r t AyRAOI
the population inareas vulnerabled surfaceflooding andextremeheatis complexAvailable

dataindicates onlypotential health vulnerabilities, like age, past health historylikehospital

visits These data do not indicate the severity, length, or chronic imp&stsnso,

understandng the role potential angbast health history plays aime health outcomesluring

extreme heat osurfaceflooding events is importantin MSNE G F YRAY 3 |y | NBI Qa
vulnerability.

For thesereasors, and to obtain spatial dataotmap populations/ulnerableto climate events
due topast health concernsye chose to use dat for overall hospital visity, 2 . O& FEvk G a ®¢ ¢ K
decision wasnade because of a lack of available datarf MDH

G¢KS NBlFazy GKFG ¢S R2 vy 2 ts fadbeart sktacks ar@l dzi LI G A
COPD is because these events are generally sufficiently serious to be admitted as

inpatient hospitalizations. The reliability of ER data for these outcomes is limited. They

are also relatively rare. For these reasons, and some taohmical aspects of case
ascertainment, we do not use ER visits for these outcomes to understand population

KSI i K LI Ninhé&odtd/Temaiament of Health

Rationale for the individuahdicatorsthat make up the Health Indicat@re inthe following
sections 2.4.1 through 2.4

2.4.1 Age 5 Years and Younger

Age Fivé5) Years and Under
Table: BO100Bex by Age

For this indicator, we agreed with the Minneapolis Climate Change Vulnerability Assessment
rationale, which states:

22 MDH, email message to authors, AptiP, 2017.
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OAt the younger extremof the age spectrum, greater vulnerability exists because

of the limitations ot Y2 @S Y Sy (i 2 dzii 22 ZHe vukérabilitoi young & £

children stems from their dependence on others for their wellbeing and livelihood,

as wellas their limited physicahnd?* mental ability to respond effectively to

emergency situations. Very young children represent these vulnerabilities to a

greater degree than older children, and are espéciaulnerable to extreme

heat®. Also, like older adults, young children hgxeater biological susceptibility

to extreme environmental conditions, specifically extreme heat because they are

y20G a4 STFAOASY(OH G NBIdA FGAYy3dI GKSANI 62Re
to surface area ratioj%

oLimitations: The vulnerability eery young children is not only dependent upon
biological factors related to age, but is also situational in nature and dependent
dzL32 y | en@rninénRadé family suppdft This assessment assumes that
young children are themselves vulnerable, butritder and Cutter et. al also
highlight that children can be a causal factor of vulnerability in households with
limited resources, such as single parent households, wherein the financial strain of
raising a child in already compromised circumstances caadimgsilience to a
disaster?®

2.4.2 Age 65 and Older

Age SixtyFive (65) Years and Over
Table: BO100Bex by Age

Elderly popultons, specifically in oucontext of fboding and extreme heat eventsave
myriad health implications teonsider. Tie eldety have the highest rates of heatlated
illnesses and death, decreased ability to control body temperature, increased susceptibility to

B dzGSENE {® [ ®Z . 2NHZFFSI CO WORfIYIR {(iRA Iy DRy Syd I dH At
Science Quarterly/ol 84(2), pp 24264.DOI: 10.1111/154®237.8402002

24 Cannon, Terry. 2008Reducing people's vulnerability to natural hazards communities and3asid S ¢ wS & S| NOK
paper /UNUWIDER.

25McGeehinM., & Mirabelli, M. 2001 The potential impacts of climate variability and change on temperature

related morbidity and mortality in the United StateBnvironmental Health Perspectiyd99, 185189

26 Technical Report: Minneapolis Climate Change VulnésaBissessment, 2016

2" Morrow, Betty Hearn. "ldentifying and mapping community vulnerabiliBisaster£3.1 (1999): 118.

28 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016
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heat due to medications and chronic diseaconditions, less likelihood and abilityleave their
home following evagation orders, and social isolatipwhich is important becaugseople may
not be checking on them during and/or afteodiding or extreme heat even#8.They are also
more likely to lack the economic resources to be resilientatural disaster impact¥

Limitationsacknowledged by the Minneapolis Climate Change Vulnerability Assessment
regarding thevulnerability of persons 65 years and older states:

dLimitations: Assuming all elderly individuals have the same vulnerability to natural

hazards disregardsthe complexity and heterogeneity that exists among
popuhtions of olderage. Ng@ 6 8 SNI¥Sa GKA & O2YLX SEAGE YR NJ
the elderly population, the young old, aged, oldest old, and frail elderly

demonstrate a broad diversity in health, leeéfunction, and social standing!

2.4.3 AsthmaHospitalzations

Asthma Hospitalizations per 10,000 people

Source: Minnesota Department of Health, MN Public Health Data Access Portal

Table: Asthm&IP code 2002013

Level of granularity: Zip Code

Vulneability from health factors span fronddNA y3 G KS & Y2 YiGeffécisth& F (G KS S
can takehold well after an eventDuring heat eventgeople with asthma can experience flare

ups in times of high heat and humidity. Extreme temperature can cause lagcome stagnant,

trapping pollutants in the air, which can also cause an asthma-fip8 An additional concern

in relation toflooding ispeople with respiratory illnesses may be more vulnerable tddn

development after a flood®

29 Minnesota Department of Health. 2018linnesota Clirate and Health Profile Report, 2015, An Assessment of
Climate Change Impacts on the Health & VBgling of Minnesotans

30 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016

31 Ngo, E. (2001). "When Disasters and Age Collide: Regiauinerability of the ElderlyNat. Hazards Réaw,
10.1061/(ASCE)15276988(2001)2:2(80y880

32 The Lung Association, (n.d)eat and Humidity, How to protect your lungs on hot and humid d@gsieved

April 2017 from online source: https://www.lunga/news/expertopinions/pollution/heatand-humidity

33 Minnesota Department of Health. 2018linnesota Climate and Health Profile Report, 2015, An Assessment of
Climate Change Impacts on the Health & ¥Beling of Minnesotans
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2.4.4 @ronic Obstructive PulmonaryDiseasg COPD)Hospitaizations

COPHospitalizations per 10,000 people

Table: COPD ZIP code 221014

Vulnerability from health factors span frondzNA y3 G KS & Y2 YiGeffécistre2 T (G KS S
can take hold well after an evertidavingCOPD requires more energy just to bregtaed

extreme heat requires dsa energy to try to cool downf heat is too extreme, this can affeat
LISNE2Y Q& I 0.¥Ilhckesed hiéa? and MdBidityi darStrap air pollutants. Exposure to

air pollution 5 associated with the dev@ment and progression of COPD

2.5 Accessibility- Aggregate

The individual indicators that form the Accessibility Aggregate Indicator indWideout Health
InsuranceNo Car Ownership, Disability, and Distance fronogpifal. These indicators were
selected to conceptually speak to whether a person would have a difficultaocoessing help
both during an extreme heat or flood event, such as evacuation or transport to emegrgenc
health care services, artle ability to respon after the event due to persistent health
conditions that may result from these climate events. One exarap&epost event hazard
would be the growth of mold due to floodirand standing waterwhich can negatively impact
individuals with asthma or COPRationale for the individuahdicatorsthat make up the
Accessibility Indicataare inthe following sections 2.5.1 through 245

2.5.1 Health Insurance

Percent without Health insurance
Table: B2700Health Insurance Coverage Status by Sex and Age

Havild KSI f 0K Ay adzNl yabiy ahdvdedisiGnimakirigr whas ah# oy @

access medical care. The vulnerability that comes from not having health insurance is not

widely addressedn other CVA literature. ¢Wvever, insurancgk 2 Y'S 2 g y S M&eaflootl Y & dzNJ
insurance, etd was included in the context of socioeconomic stakug / dzi § SNJ SG o | £ Q.
vulnerability franework3® Understandinghe health insurancestatusof the community is a

34 The Lung Association, (n.dbid
35 Minnesota Department of Health. 2018linnesota Climate and Health Profile Report, 2015, An Assessment of

Climate Change Impacts on the Health & VBgling of Minnesotans
B/ dzGGSNE {® [ dZ . 2NHZFTFZI Cod WaI AlIYR ({2K 0 NID3 asEciiPeBeyified 6 H 4 A «
Quarterly,Vol 84(2), pp 24264.DOI: 10.1111/1546237.8402002
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meaningful indicator of vulnerability. People whaeeaminsued may be reticent ounable to

accesdealth care for salient conditions before, or slower moving ailments after, a flood or heat
event. Extreme events may also trigger high usage of ER facilities or other urgent care

resources. While Cuttet. alarguesti K G £ 26 f S@Sta 2F GLINREAYLGS
lack of insurance might have a similar effectengthening recoverfrom flooding and extreme
heateventsas people are not able to afford healthcare

2.5.2 Car Ownership: Naéess

Percent households without a vehicle
Table: DP0%elected Housing Characteristics

For this indicator, we agreed with the Minneapolis Climate Change Vulnerability Assessment
rationale which states:

@KS AYLEAOFGAZ2Y 2F @GSKAOfS F00Saa Aa (KS C
a dangerousituation. Households with no vehicle have more limited mobility in a

time of crisis, and are thus more vulnerable to extreme weatheatirassociated

with climate changeThose without vehicle access may also have less ability to get

oneself to health serwes.

Limitations: Access to a vehicle represents an indirect factor of vulnerability, and
not an inherentcharacteristic. Vehicle aess or ownership is a more fluid
characteristic than age, disability or othietrinsic variables%

2.5.3 Disability

Percent with a disability
Table: S181Misability Characteristics of Noninstitutionalized Population

Having a disabilitgan limitaped 2y Qa oAt AdGe& G2 | yGAOALI G§SI LINB
events, which increases tivevulnerability to climateevents. In some cases, assistance is

NBIljdZA NER (12 Syadz2NB LISNE2ya ¢6AGK RAAFOATAGASE
requires both coordination and resourceBhe American Community Survey collects data on six

37 Cutter et. al. ibid
38 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016
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distinct disabilities, all of which are relevant to responses to climatic events. These disabilities

are ambulatory, cognitive, hearing, independent living,-salie and visionThe American

Community Survey aggregates all disabilities into one measure, which was used in this analysis,

but individual data for each disability are availalnighe same table (specified aboviey

deeper analysisThis indicatoris alsomportant to include ashe/ 2 dzy OAf Qa ¢ wL+9 a{

A ¥ s A x

AyOft HzBSEAGRE & 2yS 2 FequitggS 2HHIOR22NEE O2yySOGSR

2.5.4 Proximity to a Hospital

Proximity to hospitalfurther than six miles
Table:Extracted from MDH Health Care Facility &rdvider Database, February 22, 2016

The longer it takes someone experiencing health effects from a heat or flooding event to get to
a hospital, the more intense those effects might beconeanedical response literature and
survivorship analysis, six eslis the maximum emergency response range before noted
decreases in survivorship probabiliti#s® Proximity to hospitals isriportant for communities

and local government in planningsponses tdlood andextreme heat eventsimplications

could includehigh demand for EMS services, overwhelmed ERs and urgent health clinics, and
high/heavy usage of hospitals theelves during these eventBhis creates a need to assess

how many people live farther than six miles from hospitals and the vulnerable pomsgatio

living in these areas.

2.6 Communication Aggregate

The individual indicators that form the Communication Aggregate Indicator include: Speaks

9y At AaK a[ SaandNoKTelgbhoneSavdunitaBdn fvas designed ascategory

for similarreasonsasselectingindicators in the | O O S % aate@ohy { Tk iivé

Communicationindicators were selected to conceptually speak to whether a person would

have a difficult time accessing help before the phenomena occurs (i.e. ability to read and
understandpS LJF NI GA2Y YFGSNAIf& FYyR aixiayaosr aAy GKS
evacuation, transport to emergency health care) and over time (i.e. ablentoemicate needs

for recovery)Rationale for the individuahdicatorsthat make up the Communicationdicator

are inthe following sections 2.6.1 and 2.6.2

39 Currie, Janet anda®icia B. Reagan. 2@. Dist y OS (2 K2aLA Gl f FyR OKAf RNBYyQ&a dza
closer better, and for whomEconomic Inquin41(3), 37891

40 Nicholl, Jon, James West, Sté&eodacre, and Jeanette Turner. 200Te relationship between distance to

hospital and patient mortality in emergencies: An observational stugimergency Medical Journa#(9), 665668.
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HPcdm {LISF1a 9y3IEtAaK da[ Saa GKFEFYy +£SNR 28
t SNOSy il 9y3aftAaK LINRPFAOASYyOe fSaa d(GKIy GaOSNE o
Table: S16041.anguage Spoken at Home

This vulnerability indicator was used in all three of the Minnesotxsizc CVAs reviewed for
this CVAFor this indicator, we agreed with the Minneapolis Climate Change Vulnerability
Assessment rationalevhich states:

oPersons who lack fluency in the dominant language will struggle to find adequate

information orrespondappropriately when important information is disseminated

Ay GKS R2YAYlIyYyG fFy3dz 3Sx2KSy Al O2YSa G2
conditions such as those predicted by climate change forecasts, systematic

language related barriers stack the deck againsbsth wih limited English

proficiency.

Limitations: The ACSclassifcs2y 2F (K234S BRBaA0KIY PEHRA&K
is overly general, and may not fully capture the range of limited English capacity

that contributes to risk in the face of climateange. Furthermore, the ACS, based

on sampling, is of questionable value when it comes to accurately capturing the

population with limited capacities to participate in a verbal or written survey

becauseof language limitationg¢

Not only does a limitednpficiencyto speak English effect the ability to find and understand
information about evacuation, it may also have an impact on inclinationadildy to access

healthcare suggesting difficulties in loAgrm recovery when it comes to health effects.

Additionally, these data doot account forwhichlanguages argresentin the various regions

2T KAIK afSaa GdKIFIy @SN ¢gStté¢ RFEGFEDP { LI YAEAKS
and South East Asian languages, and various Eastern European lan@mgeg others) may

be present irhigh concentrations in the sevesounty region of this stud§? Areas where many
residents speak the same language have different networks and abilities to communicate than

41 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016
by 1 AA20AFGSAD GWSUKAYLAYI L drbbitadfd diyMinnékbta Befartrbebta | w

of Transportation

(V)
Q)¢
(V)
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tracts with several different spoken languagessmiated nonEnglish speakers. This limitation
can be better addressed at a more local level.

2.6.2 No Telephon@_andline)

Percent households without telephone
Table: B25043 enure by Telephone Service Available by Age of Householder

Households withoutelephones are vulnerable éisey may have limited communication
options to receive warnings, ask for assistance, or check on otlesrdlines are important in
the event of an extreme weatheevent in case cell phone networks becomerwhelmed.This
was the casen the wake of the 35W bridge collapse on Audlis2007;many people were not
able to make cell phone calls because tied signals were overwhelmetf.This scenario is
unlikely in the event of extreme heat or surface flooding, but does sthewmportance of
phone communication and the limitations oéll phones.

Limitations: Thee data only considdandlines as cell phone data areot currently collected by
the US Census and atéficult to obtain from providersAs several houses onlge @ll phones
for communication, the available dafaovide an incomplet@icture ofphone access.

3. Methodology ofFlood Layers

This sectiordescribeghe methodology the Council used developits flood layers base map
The justificaion for the flaod layerused by our team is also provided beloheGIS data
disclamer provided by theCouncil can be found in Appendix C.

3.1 Metropolitan CounciCVAFIood Layers

TheCouncilgathered data on two types of flooding: riverine and shallowface floodirg. For

this CVAwe only examinedhallow/surface flooding at a depth of 1 foot or greater as these
areas are the most susceptible to flooding and the most likely to occur in agnextrain event.

In developing thesurface floodng methodology, th&€oundifollowed an example from the

Danish Road Institute in which they evaluated surface flooding and-térontflooding low

spots on the landscape. The Danish Road Institute referred to these areas as bluespots (2010),

By el phone service falters after bridge collap$etp://www.twincities.com/2007/08/01/cellphoneservice
falters-after-bridge-collapse/last accessed May 12, 2017.
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which are the areas that are the mostsseptible to flooding during a shetrm, extreme rain

event? The blespot analysis conducted by ti@ouncil relied on topography information that

gla 2001 AYySR FTNRY (-ider digital dieatiod model (DEN) SvhichivasQa o
built fromthea G I G SQa [IarBwater irfrdsFuztivdiddtaare not included in this
analysidecause thenformation does not currently exist at a regional scale. Therefore, this

analysis is restricted solely to depressions in the DEM. Low points in the |pedsea

identified using the hydrology toolset within Spatial Analyst of ArcGIS 10.3.1, from which
maximum water rise is determined for each bluespot as well as the surface area that will flood
when the water in a bluespot rises to a certain heitfht.

Thebluespots are divided into 1 foot categories and range from shallow up to 10 feet or
greater. Shallow bluespots have a max depth of 3 inches to 1 foot, and are generally low risk,
however, 6 inches of fast moving water can knock over an adult and 12 iotfest-moving

water can carry away a small car. When considering the vulnerable populations for this report,
we chose to map only bluespots at a depth of 1 foot, since this level of water poses risk to
pedestrians and infrastructure damage can still aogith small depths of flooding. This is also
the most likely level of flooding to occur during a shiemMm, extreme rain event.

® Don't underestimate the
>~ power of water!

: -,
! ! 18-24 inches of fast-moving

)
water can knock over and carry away a small car. , large SUVs, vans and trucks.
carry away an adult.

]
I
| 6inches of fast-moving : 12 inches of fast-moving water can water can carry away most
|
|
|
)

Figure6 NOAA Description of Dangerous Water Lé%els

44 Danish Road Institute. 201The Blue Spot Method: Development of a Screening Method to Assess Flood Risk on
HighwaysReport 1832010.

4The Metropolitan Council. (n.dMetropolitan Council Climate Vulnerability Assessment Flood Layers.
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http://www.nws.noaa.gov/com/weatherreadynation/social_media/spriing_flood.html
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3.2:Surface Flooding Indévtap

Climate Vulnerability Assessment
Surface Flooding Index

Map # 2
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Census Tract Vulnerability Score
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Sources: 4/30/2017
US Census 2011-2015ACS 5-year estimates,
Metropolitan Council Heat Hazard Index,

Metropolitan Council Flood Impact Zone Index
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4. Methodology of Heat Layers

This section describete methodology theCouncil used in developing the heat base mapd
for this assessment he Counciproduced three products looking at regional vulnerability to
extreme heat: land surface temperatunegrmalized heat vulnerabilitialso referred to as the
heat hazard index)and interpolated air temperaturelhisassessment utilized only the heat
hazard index, for reasons seribed in section 4.through 4.3¢ K S / 2GI8/dataliscRitner
can befound in Appendix C.

4.1Land Surface Temperature

TheCouncil provided a map of land surface temperature (LST) using a satellite image from
Landsat 8. This shows the land surface temperature in degrees Fahrenheit, normalized by
census tract, for the seveoounty metropolitan region of the Twin Cities.

GThe satellite image used for this map was taken at 11:59 am CDT on July 22, 2016.
At that time, the air temperature was 90°F with a heat index of 90.3°F, as recorded
from the MinneapolisSt. Paul Internationahirport, 2016. This was the third day

of a regional heat wave, which is defined by a period of three or more days with
temperatures at or above 90°F. The overnight temperatures dipped down to
around 74°F by roughly 5 a.m., but climbed up to a maximum testyoe of 97°F

by around 56pmX @he last time temperatures had risen to 97°F was on August
26, 2013, so July 22nd, 2016 was the hottest day in roughly three years
(Midwestern Regional Climate Center, 2016). The original thermal image was
taken at a 100 200-meterresolution, but was rscaled and processed with NDVI
data at the 30 x30-meterscale.

The map package includes three layers at this scale:

1. Land surface temperature from noon, July 22, 2016, without regional
water bodies.

2. Land surface temperatunith regional water bodies.

3. A layer highlighting the areas with LST values at or above the second
deviation above the mean (calculated from the map without water
bodies) broken up by natural brealéd’

Land Surface Temperature (LST) values without retieater bodies was the primary basis for
GKS /2dzyOAt Qa8 KSIG KFETFENR AYRSE® wS3arzyl ¢

4" The Metropolitan Council. (n.d Metropolitan Council Climate Vulnerability AssessnitgdtLayers.
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because water has different heat retention properties than most land surfaces, and thus would
have reduced the accuracy of lanagrace and air temperature calculations. Since the lowest
original LST values were water bodies, their removal raised the minimum LST value by 0.6°F.
While this change may seem insignificant, the effect is potentially more substantial when the
temperaturesare normalized by census tracttime third layer of this package.

4.2 Heat Hazard Index

¢CKS /2dzyOAf Qa laaSaavySyid O2y@SNISR YSIy OSyadz
FTAOBS SljdzZht AyiSNDItazr |a RS&ONgn@atdibelaw This KS SEO
KSIG KFETINR AYRSE OSyadza G NI Olreldtdd suberabiitg NY SR i

assessment.

aC2tft26Ay3 SEIFYLX Sa FTNRBY KSIG Nxal aasSaay:

Rennes, France, our Heat Hazard Index Map agtgddaST values from July 22,

2016 (without water bodiesthe first map in the first product) to the census tract

(Tomlinson, Chapman, Thornes & Baker, 2011; Buscail, Upegui & Viel, 2012). These

mean LST values for each census tract were then normalizeddale of @ 1,

which was subsequently broken down into five equal intervals and displayed as

NI y3S 06S0G6SSyoHt: IINE G[+2SaNERSOl A I KE 6 n dy
We chose to use this L®&sed index instead of interpolated air temperature because peer
reviewed research has demonstrated that LST is a more reliable metric for human temperature
exposure and stable lorgrm temperature trends. Fromthe CoOm f Qa KSIF G € & SNJ
documentation:

G! & HCMERYS Si ftd 6Hnmo0 RAaOdiagz a[ {¢ A
physical properties that are stable over time and can affect human temperature

exposure rather than as a proxy for actual ambient air temperature at a particular

LRAYOG AYy GAYSE O6LID dH PO P EsfumedsiBemensS | &2 NI |
equdistant throughout the entire region. However, at the present moment, that is

impossible and so, in order to get the best temporal and spatial quality data, we

have to use satellite data. Though the relationship between LST and air

temperature is not fullynderstood, the use of satellite imagery to map the spatial

extent of the urban heat island effect is common practice (Tomlinson et al.,

2011)¢%

hyS aA3IYAFAOLYG OF@SEHFG 2F 2dzNJ 0SFYQ&a | LILINEI OK
small towns andural population centers. A small town located in a large rural census tract

48 The Metropolitan Council. (n.d Metropolitan Council Climate Vulnerdityi AssessmeritieatLayers.

32



could have a substantial heat island effect, but the average index value for the tract would
remain relatively low. However, because much of the seconomic dataelevant to ths
assessment wergot available in units smaller than the census tract, we found it necessary to
keep censusracts as our unit of analysis.

Note: Those using this report in the context of rupapulation centers should refer to the 30 X_
30meter LSTmal G2 6SGGSNI SOFfdzZ 0S NBaAaARSYy(iaQ SELIRadz

4.3 Interpolated Air Temperature

Interpolated air temperature approxiates the temperatures thatesidents feel on a daily
basis. As a result, air temperature maps may be prefereLST when communicating with
the public about the urban heat island effect.

GeKS AN ¢SYLISNI GdzNE al LJ Aa OSNE dzaSTdz |
audience, but should be used with caution when analyzing a local area. The

variable density of théd Sy a2 NJ ySUg2N] YSIya GKIFG GKS YI
than what is possible with satellite imagery (such as in the other maps), and the

sensor placement in grassy areas means that the air temperature estimates are

cooler and more conservative thaerhas what was felt that dag°g

<Remainder of Page Left Intentionally Blank>
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4.4Heat Hazard IndeMap

Climate Vulnerability Assessment
Heat Hazard Index

P
nﬁ;nm" ]
[ Tw] T

Map# 1
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5. Data Preparation and Mapr€ation

This section describeke process of acquiring and preparing all data usetiisanalysisit
also provides a full description of the aggregate map creation process. More technical
explanations and full GIS processes can be foudgpendix A: GIS Processes Siggstep.

5.1Data [®tails

This sectin provides information on thacquisition ofdemographic datdor eachindicator
usedas wdl as the spatial scalehosenfor this analysislt also details how the data was
formatted and converted to create maps using the ArcGIS softvirarkGIS processes can be
found inAppendix AGIS Processes Stbp-Step.

5.1.1Demographi®ata

All demographic data watownloaded from the US Census Bureau, American Community
Survey at the census tract level for all Metropolitan Council jurisdictions. Census tracts were
selected as the level agpatial analysis because it offers a finer level of detail than city level
data while having lower margins of error than block group data. Additionally, ¢ineeregional
approach othis analysis, block group data wesery similar to census tract datarfmost
suburban and rural communities. Census tracts in outer suburban and rural areas are large,
which limits the level of detail and analysis we can provide.

Data werethen formatted to facilitate the conversion to spatial association in ArcGIS saffwa
including the assignment of Field Names that fit the parameters of ArcGil&aseftdetailed on
the following page in Table 4: Demographic Data Souid&isjoin operationwas based on the

GEOId2 Field, which provides a wegode for each census tia

<Remainder of Page Left Intentionally Blank>
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Table 4Demographic Data Sources

Indicator 20112015 ACS Table | Aribute used for GIS Table
analysis attribute code
Poverty S1701- Poverty status in the | Population below PerPov185
past 12 months 185% poverty leve
Residents of | BO3002- Hispanic or Latino Persons of Color PerPOC
Color Origin by Race
Age B01001- Sex by Age Age 5 and under Und5Per
Age 65 and over Per65Up
Renters B25003- Tenure of Occupied | Percentage of Rente| PercRent
Housing Units Households
Education S1501- Educational Attainmen| Population with Less| Per_LessHigh
than High School
Diploma or
equivalent
Homeowner B25038- Tenure by Year Moved into Home PerOwnMovel5
Tenure Householder moved into Unit | since 2015
Unemployment| S2301- Employment Status Percent Unemployed Per_Unemp
Disability S1810 Disability Percent of populatior] PercDisablePop
Characteristics of with any disability
Noninstitutionalized Populatio
Vehicle Access DP04- Selected Housing Occupied Housedids | Per_NoCar
Characteristics without Vehicle
Access
Health B27001- Health Insurance Percent of Population] Per_NoHI
Insurance Coverage Status by Sex by A¢ with no Health

Insurance Coverage

Phone Access

B25043 Tenure by Telephoneg
Service Available by Age of
Househatler

Percentage of
households without
phone service

Per_NoPhone

Language
Proficiency

S1601- Language Spoken at
Home

Speaks English less
GKFY a@SNE
5 years old

Per_LessEng
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5.1.2Hospitalization Data

All hospitalization data werdownloaded fom the Minnesota Department of Health Data

Portal. Unlike the demographic data described in Table 4, hospitalization rates were not
represented as a percentage of tbtaact population. Instead, thee data describe

hospitalizations per 10,000 residents fasthma symptoms from 2009 to 2013, and for COPD
symptoms from 2010 to 201Zip-codelevel waghe finest geography publicly available, which
does not align with census tracts. Our team calculated hospitalization estimates by census tract
using the proces detailedn Appendix A: GIS Processes Sigistep

5.1.1Hospital Location Data

Note: A full stefby-step outline of these processes are provided in Appendix A: GIS Processes
Stepby-Step

Hospital location dat for the State of Minnesota wasbtainedthrough the Hennepin County

GIS Data Portal. Then, all hospitals located in the sewanty metropolitan region were

4St SOGSR dzaAy3 ! NODL{ Q& swdreSekpbredité cretitd thirdwn! £ £ & S
AKIFLISTFAE ST yI YSR @ diénal Nd fobpiads oliksiné of thedsévamunfy | RR
metropolitan area were included in this analysis as they were located within the determined

sixmile buffer range of metropolitaareacensus tracts.

Asixmile buffer was created around each hospitaldion. In medical response literature and
survivorship analysis, six miles is the maximum emergency response range before noted

decreases in survivorshjpobabilities?®*°¢ KA a4 ¢l & R2Yy S dzaAy 3 GKS | NOLC
sixmile radius. Once the bi#r was established, the Intersect Tool was used to determine the

portions of census tracts within the buffer, which were then exported to its own shapefile,

G¢ NI Obady. dzF ¥

To calculate the percentage of each census tract within a hospital buffer, wadeded to

calculate the areas of both the census tracts and the intersected/buffer overlap portions.

Before we could perform calculations, we needed to change the data projection to allow the

FNBF OFfOdzE I GA2Y FTdzyOluA2y2@80a2NROPIGEKNAYSHESEYB
This was done ithe Attribute Table! yS¢ R2dz0t S FASE R da! NBFX¢ g

49 Currie, Janet, andd®icia B. Reagan. (2007). Disf OS (2 K2&aLA Gl f FyR OKAf RNBYyQ&a dz
closer better, and for whomEconomic Inquin1(3), 37891

50 Nicholl, Jon, James West, Steve Goodacre, Jeanette Turner. (2007). The relationship between distance to

hospital and patient mortality in emergencies: An observational stityergency Medical Journa#(9), 665668.
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aSt SOGAYy3a a/ It Odz ds alcidetea i KianEndtérs givéh ghe vetyBntall
FNBlFa 2F a2YS 2F (KS OSyadza GNI OG&aT I NBIF OFfO

square miles.

hyOS 0620K | NBIFa gSNB OFfOdz I SR GKS {ihoft Sa ¢
one table. To finish the calculations, the joined table was converted into an Excel Spreadsheet
dzaAy3 (GKS ac¢lofS G2 9EOSt¢ O2yBSNRBAZ2Y thatz2f & 2
was not relevant to our analysis wdsleted to simplify orgnization. Then, the percentage of

each census tract falling within a hospital buffer was calculated by dividing the census tract area

by the intersect/overlap area. This yielded a percentage, formatted as a decimal to facilitate
conversion back into GI&Il 0 percentages were checked against their location in the GIS map

outlay to ensure there was indeed no portion of the census tract within a hospital buffer.

However, more vulnerable census tracts are outside of these buffers or have small

intercept/overlap areas. To maintain similar scaling as other indicators, we calculated the

inverse of the percentage intercept/overlap to show the percentage of census tract area not

within 6 miles of hospital. These inverse percentages were used in the standaatiatevi

scaling, with more vulnerable populations having high percentages of their area outside of a
K2ALIAGEE o0dZFFSNI® ¢KS a9EOSt (2 ¢lofSé¢ O2ydSNA
into GIS for spatial analysis. To show these calculatioriEabpathe converted Excel table was
GW2AYSRé¢ gAGK (GKS OSyadza GNXOG flF&@SNW® ¢KS at N
ensure the spatial data matel the output of other layers.

5.2Map Creation

This section provides a full description of timelividual andaggregate map creation process
Technical explanations and full GIS processes are included in this ggedothe importance
of the scaling and magreationprocesseso this report and analysis.

5.2.1 Individual Indicator Maps

Choropéth maps of eackulnerability indicatomwere creaed in ArcGlSclassifiedy standard
deviatiors from the mean. Quintiles wemaiginally considered but decided against for this
stage of the analysi§ince the quintile method creates classes with anatequmber of data
points, regardless of thie similarity or dissimilaritythe range of values in each quintile varies
widely depending on the distribution of data. This variation caused some tracts with very
different percentages of a given indicator te blassified in the same quintile. In contrast, the
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standard deviatiormethod allows for a consistent measure and disptdall indicators, which
is important in this analysis given thaistributions differ betweenndicators.

Census tract feature class were created for each individual indicator by joiningitigicator
table to Tract_Metro (a feature class comprised of all census tracts within the ey
metropolitan region). GeolD2 was used as the join field.

For each indicator, th&tatisticSunction in ArcGl®/as used to calculate regional mean and

standard deviation of the percentage fielbhe percentage field for each indicator is shown in

¢roftS n 62083 dzy RSNJ ( K&n thiekaSd oRAsthrialagd COPDO £ S | {
hospitaliz G A2y a>X GKS G/ 2dzyié¢ FASER 41 & dzaSR Ay LXK I
to each table for the mean, standard deviation (SD), and RasterValue.

Next, the zscore of each tract was calculated using the formaa[(x> 0 k Where x is the
GNJF OGQ&a LISNOSyidl IS Gt dzS 6 iSthaldegidnal Iméah, &ridid LI Ay
the standard deviation.

Table O x
Disability x
GEQID PercDisablePop Z_Score | Mean| 5D | RasterValue LY
27123033700 356| 6.045455 10( 4.4 3
27053005901 A 4 795455 10( 4.4 3
27053102300 H 4772727 10( 4.4 3
27123033000 2T 4023727 10( 4.4 3
27053101800 267 3.705455 10( 4.4 3
27053105204 263 3.704545 10( 4.4 3
27123035900 24 31E1E 10( 4.4 3
27053105700 239 31590091 10( 4.4 3
|| 27123042800 236( 3.090909 10( 4.4 [ W
4 0w E (0 out of 704 Selected)
: Disability}

Figure7: Example of Bcore Calculation

RasterValue was calculated accordiogable 5belo®w ¢ KS wl a4 SN £ dzS NI LINB
score on a §oint scale, where 6 indicates a much highiesin-average proportion of the
vulnerable population in question, and 1 indicates a much letivan-average proportion.
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Table 5 Standardeviation Classification

Classification Attribute table query

RasterValue

>2 SD below mear| Z_score <2

1

1-2 SD below mea| Z_score >=2 AND Z_score<4

<1 SD below mear| Z_score >=1 AND Z_score <

<1 SD above meal Z_score >= 0 AND Z_score <

1-2 SD above mea| Z_score >= 1 AND Z_score <

>2 SD above mear Z_Score > 2

Using both percentages and standard deviation to describe population data provides a detailed

picture for both census tracts and theCbunty Metropolitan Area. It showsw many people
within each census tract are included in each vulnerable population variable while putting the
census tract in the regional context, detailing whether a specific population composition is

above, at, or below regional averagye

Each categwy of variables was given a colecheme to help differentiate data. Green to red

color schemes, and variations of this scheme, were avoided as this color scheme is often

O2yy20FGSR 6AGK a322Ré 2NJ 4o

5.2.2 Aggregate Vulnerability Maps

I R¢ Of I 282 BOOIREA 2
based on population composition and chose color schemes to discourage this connotation.

A full description of GIS processes used to develop the aggregate vulnerability maps is provided

here given its central imgrtance to the overall analysis.

Polygon to Raster Conversion

To combine vulnerability scores and create aggregate vulnerability maps later in the process, all

indicator census tract features had to be converted to raster fil&sST Gt 2t @ 32y

geoprocessing tool was uséat this conversion

Cell size: 15 meters
Value field: RasterValue
Output raster Dataset: Tract_Disability R
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- o N

, Polygon to Raster
Input Features
| O:\fergu229\CVA\Data\CVA.gdb'\ Tract_Disability_51810 »| B4
Value field
RasterValue W
Output Raster Dataset

| O:\fergu229\Cva\Data\Cva. gdbiTract_Disability R

M=

MOME

15

Cell assignment type (optional)
CELL_CEMTER. W

Priarity field (optional)

Cellsize (optional)

=

Figure8: Screenshot of GIS Polygon to Raster Conversion Process

Creating Category Rasters

Next, the indicabr rasters within each category (accessibility, communication, health, and
social networkwere sumned using the Raster Calculator tobly
@dzt YSNI oAt AGe¢

NI aGSNJ) g1 a Ifaz

F RRAGAZ2YE €

OiNd&atarsT Re

example below shows the operation used to create the Communication raster.

al

LJ

' f 3506 NJ

SELINB&&AZ2YY

Output Raster: Rcalc_Communication

Y Raster Calculator = B
Map Algebra expression
Layers and variable ~ Conditional
<>Tract_Eninsh_R . 3 5 : a Can
<> Tract_Phone_R I == Pick
<>Int_RcaIcDS_FIn0d_ 4 5 & ® s |ls=1] 1 Sethull
<>Rca|cDE_Flocu:I_Hur Math
<> 5pt Rasters\Rcalc_ 1 2 3 - <z || e= | ~ Abs
<> Spt Rasters\Rcalc_ v
< > 0 : ] ]| ~[|B®
CaemdM
"Tract_English_R." + "Tract_Phone_R"
Qutput raster
| O:\fergu229\CyA\Data\CVA.gdb\Realc_ Communication| |
OK Cancel Environments. .. Show Help ==

Figure9: Screenshot of GIS Raster CatoulRrocess
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Reclassifying Rasters to a FR@int Scale

Then, the Reclassify tool was used to reclassify eeategoryraster byquintiles. While this
method does cause some loss of precision for the reasoseried in section 5.1.1 above, the
resultingclasses were much closer to the standard deviation classes thamreyto quintiles
alone. Our team found that thi&-point scale was necessary to ensure that our aggregate
vulnerability maps could be easily understood, allowing us to show aggregatamdfooding
vulnerability on an intuitive 1point scale.

Input raster: Rcalc_Social

Reclass field: Value

Output raster: Quint_Social

¢2 OflaaArfTe oe ljdAyadAtSay /A0l a/flaarfexes

N Reclassify - =

Input raster
| O:\fergu229\CVA\Data\CVA.gdb\Rcalc_Social | B
Redass field
Value ]
Redassification
Old values Hew values " . Classification
95-10 1 Classify... Classification
10-11 2 Ui Method: Quantile [¥]
nique

n-12 3 Classes: 5 v

12-93 A

13-23 s Add Entry

NoData NoData

Delete Entries
]
Load... SavEe... Reverse Mew Values Predision. ..
Output raster
| 0:\fergu229\CVA\Data\CVA. gdb\Quint_Social |
[]change missing values to MoData (optional)
Ok Cancel Environments... Show Help ==

FigurelQ: Screenshot of GIS Raster Reclassification Process

The two direct indicators (poverty and residents of color) were not compatible with the quintile
Reclassify operation because of their insufficient range of values (five values fromughtép
Instead, these two rasters were converted to-pd&nt scale using the Raster Calculator
SELINB&aaArAz2y wagvNelr O yyR 203N 8Cfogpéavbde Ocfed that this
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method causes a minor loss of precision when comparing direct iralisabres to category
indicators, but has little effect on the findlistribution ofvulnerability scores.

Create Aggregate Rasters

The Raster Calculator was ussghin to createl 2 aggregateasters of heatflooding andeach

of the six category indicater Two additional aggregates were also created of heat/flooding and
human vulnerability (the sum of all six categories)

N Raster Calculator = =
Map Algebra expression s
<7 5pt Rasters\Realc_Pover a Conditional ~
<> 5pt Rasters\Recalc_Race con
<" 5pt Rasters\Quint_Acces 78 9 fll==]|'=|| & Bick
Spt Rasters\Quint_Comm
s Q T 4 5 6 = > (== I Settull
<> 5pt Rasters\Quint_Healt Math
3
<> 5pt Rasters\Quint_Social 1 3 3 - < |le=|| ~ )
<>Surface Flooding Raster . Abs
-~ E
< > o - + (O] || ~[| 5" W
Caem i
"Heat_Index_R" + “5pt Rasters\Quint_Health™
Output raster Vv
O:\fergu22a\CVA\Data\Cva. gdb\Heat_Health_R| B

QK Cancel Environments. .. Show Help ==
Figurell: Screenshot of GIS Raster Calculator Process

Raster to Polygon using Zonal Statistics

To converthe finalrasters back into censusdtt polygons, our tearohose the following

method instead of the Raster to Polygonn@ersion tool in ArcGIS. Since square raster cells

R2y QG fAYyS dzLd LISNF SOGf &e @onavarsion tald 6fteneites G NI O
superfluous tiny polygonis the output feature class, whiainust then be selected and deleted.

In contrastthe Zonal Statistics methadescribed below avoids this issue entirely while serving
the same functionThis sequence was repeattt all 14aggregate maps

1. Use thedZonal Statistics as Table 3 S 2 LINR Q&dcieatd a/table of aumeérability
scores by tractThe output table will list the vulnerability scooé the majority of raster
OStfta sAUKAY S This meihhd wasecied beausa /i inplil résterd
are already normaliz¢by census tract, meaning that the cedlues are generaliyne
samewithin each tract area. The majority statisdtows us to easily discount anglls
that straddle tract borders andvoid resuing decimal values in the output.
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Input feature zone data: Tract_Metro
Zone field: GEOID

Input value raster: Heat_Health_R
Output table: Zonal_Heat_Health
Statistics type: MAJORITY

* Zonal Statistics as Table = g
Input raster or feature zone data
| 0:\fergu229\CVA\Data\CVA.gdb\ Tract_Metro ~|
Zone field
GECID v
Input value raster
| O:\fergu229\CVA\Data\CVA.gdb\Heat_Health_R | &
Output table
| Or\ferqu229\CVA\Data\CVA. gdb\Zonal_Heat_Health| |

lgnore MoData in calculations {optional)

Statistics type (optional)
MAJORITY W

QK Cancel Environments. .. Show Help ==

Figurel2: Screenshot of GIS Zonal Statidfioscess

2. JoinZonal_Heat Healtto Tract_Metro using GeolDghd Geollas the join field.
3. Exportthe joined featureas Heat Health Tract.
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6. Maps

The following section is a collection of all the maps created for this CVA. This includes both the
aggregatemaps as well as the small multiple maps for each individualan vulnerability
indicator.

6.1Heat and Flooding Basemaps

6.1.1Heat Hazard Index Map

Climate Vulnerability Assessment
Heat Hazard Index

] county Boundaries
Lakes and Rivers

Land Surface Temperature (normalized)
- ery Low

Low
Medimm

High
‘ery High

Ef
HH
! _E%i
B
LI o

‘Bources:

US Census 2011-2{H 5 ACS Syear estimales,
MapE1 Msfropoiian Coundl Heat Hazard index,

Mefropoiian Coundl Fiood Impact Zone Index:
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6.1.2 Surface Floodinthdex Map

Climate Vulnerability Assessment
Surface Flooding Index

[-_:i County Boundaries
7> Lakes and Rivers
Census Tract Vulnerability Score

L+
]2
s
I -
I
Extent of
Main Map -
ANOKA _’_j
P N
HENN‘EF\N 'RAMSE
WASHINGTON
2
SRR
ScoTT DAKOTA
Ee

Map # 2

Miles

DAKOTA

Sources:

US Census 2011-2015 ACS 5-year estimates,
Metropolitan Council Heat Hazard Index,
Metropolitan Council Flood Impact Zone Index

4/30/2017
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6.2Human Vulnerability Aggregate Msap

6.2.1 Human VulnerabilityAggregate with Extreme Heat Vulnerability

Climate Vulnerability Assessment
Aggregate:
Heat and Human Vulnerability

E:i County Boundaries

Lakes and Rivers ;. = g
Census Tract Vulnerability Score S =
] 1-15 _
[] 16-20
[] 21-25 . \
{
[ 26-30
M 3-3
N
)
{
Extent of 1‘7 B 1 \_j
Main Map i | S
[!\ ANOKA ’T’T N
N 4 4 !
7 4 |
AEER: -
| Hew y J
L e
) i

0 5 10 20 30 -
Sources: 5/3/2017
US Census 2011-2015 ACS 5-year estimates,

Map # 31 Metropolitan Council Heat Hazard Index,

Metropolitan Council Flood Impact Zone Index
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6.2.2 Human VulnerabilityAggregate with Surface Flood Vulnerability

Climate Vulnerability Assessment
Aggregate:
Flooding and Human Vulnerability

E:i County Boundaries

Lakes and Rivers

Census Tract Vulnerability Score

] n-
[ 18-

] 21

] 26-

M 3

15
20
-25
30
-35

/
[ \
He—p
| N\

\[WA"SH;INGTON

Extent of J*‘*’”’*“
Main Map

{ e MASHINGTON
LGS

Map # 32

Sources:

US Census 2011-2015 ACS 5-year estimates,
Metropolitan Council Heat Hazard Index,
Metropolitan Council Flood Impact Zone Index

5/3/2017
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6.3Povertylndicator

Climate Vulnerability Assessment

185% Federal Poverty Level

L:i County Boundaries

Lakes and Rivers

Households below 185% federal poverty level

[ ] 1.6-24.5% (<1 Below)
[] 24.6-42.0% (<1 Above)
[] 42.1-59.5% (1-2 Above)
B 59.6 - 95.8% (>2 Above)

Extent of

Main Map ij [
. o

T

| HEN RAMSE‘V%:EC
e % gavserl
i E;i_ﬁs@ ‘)W,&S\:UNGTON‘
! 1.
2 f

=

Map #13

Miles

Sources:

US Census 2011-2015 ACS 5-year estimates,
Metropolitan Council Heat Hazard Index,
Metropolitan Council Flood Impact Zone Index

51/2017
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6.3.1 Povertyindicator: Aggregate witkxtremeHeat Vulnerability
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