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Technical Report Purposes  

This Technical Report details the process that went in to developing a Human Vulnerability 

Index relative to extreme heat and surface flooding within the seven-county metropolitan 

region. This Climate Vulnerability Assessment (CVA) uses a spatial analysis approach by looking 

at specific human vulnerability indicators in relation to place type vulnerabilities of extreme 

heat and surface flooding through the creation of maps. This CVA is being conducted for the 

Metropolitan Council (Council), a 17-member regional policy-making body and planning agency. 

The Council provides many services in achieving thŜƛǊ Ƴƛǎǎƛƻƴ ƻŦ άŦƻǎǘŜǊƛƴƎ ŜŦŦƛŎƛŜƴǘ ŀƴŘ 

ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘέ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴΣ ƛƴŎƭǳŘŜ ǇƭŀƴƴƛƴƎΣ ǊŜƎƛƻƴŀƭ ǇŀǊƪǎΣ ŀŦŦƻǊŘŀōƭŜ ƘƻǳǎƛƴƎΣ 

wastewater treatment services, Metro Mobility, aŜǘǊƻ ¢ǊŀƴǎƛǘΩǎ ōǳǎ ŀƴŘ Ǌŀƛƭ ǎȅǎǘŜƳΣ ŀƴŘ ƳƻǊŜΦ 

This report builds off the work thaǘ ŎŀƳŜ ƻǳǘ ƻŦ ǘƘŜ aŜǘǊƻǇƻƭƛǘŀƴ /ƻǳƴŎƛƭΩǎ ¢IwL±9 a{t нлпл 

initiative, which was developed to help the Council address new planning challenges and 

opportunities as they arise. 

ά¢IwL±9 a{t нлпл ƛǎ ǘƘŜ Ǿƛǎƛƻƴ ŦƻǊ ƻǳǊ ǊŜƎƛƻƴ ƻǾŜǊ ǘƘŜ ƴŜȄǘ ол ȅŜŀǊǎΦ Lǘ ǊŜŦƭŜŎǘǎ 
our concerns and aspirations, anticipates future needs in the region, and 
ŀŘŘǊŜǎǎŜǎ ƻǳǊ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎΦέ ς The Metropolitan Council1 

Thrive MSP 2040 prescribes policy goals for the CVA to address. The document lists 

Sustainability as one of five desired outcomes that comprise a shared regional vision and 

ƛŘŜƴǘƛŦƛŜǎ ά.ǳƛƭŘƛƴƎ ƛƴ wŜǎƛƭƛŜƴŎŜέ ŀǎ ƻƴŜ ƻŦ ǎŜǾŜƴ ŎƻǊŜ ƭŀƴŘ ǳǎŜ ǇƻƭƛŎƛŜǎ. To address these two 

items and align with Thrive, the Council must respond to the effects of climate change in its 

planning and operational activities, identify and address potential vulnerabilities in regional 

infrastructure, and provide related information and assistance to local communities. 

This Technical Report was prepared by a team of graduate students from the Humphrey School 

of Public Affairs at the University of Minnesota as a capstone project. This 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 sǘǊǳŎǘǳǊŜ ŀǎ ǘƘŜ ǇǊŜǾƛƻǳǎ ǘŜŀƳΩǎ ǿƻǊƪΦ ¢ƘŜ ǇǊŜǾƛƻǳǎ 

MURP team conducted a CVA for the City of Minneapolis and was consulted in creating this 

analysis. Our team also collaborated with many professionals and experts, which helped guide 

the creation of the human vulnerability indicators. We were encouraged to build from and rely 

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

 

                                                 

 

 
1 Metropolitan Council, (n.d.). THRIVE MSP 2040. Retrieved: https://metrocouncil.org/Planning/Projects/Thrive-

2040.aspx 
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The Metropolitan Council asked that this Climate Vulnerability Assessment address these two 

main questions:  

1. Which areas within the metro region are most vulnerable to flooding and extreme heat? 

2. How do these areas of vulnerability affect communities based on known socio-economic 

data and social (human) vulnerability indicators? 

This Technical Report serves these purposes: 

¶ To show the methodology behind the development of the Human Vulnerability Index as 

well as the spatial scale used, data sources, availability, and limitations. 

¶ To provide documentation for how the assessment was performed for transparency and 

replicability. 

¶ To provide data sets and maps, allowing staff to access the data used for this 

assessment for their own purposes.   

Organization of Technical Report   

Section 1 addresses the overall vulnerability assessment design. This section also provides 
background on the place-based vulnerabilities to extreme heat and surface flooding.  
 
Section 2 details the human vulnerability indicators used in this analysis and the process behind 
their development. It also provides justification for the individual Human Vulnerability 
Indicators chosen for this CVA, including the data source, and level of analysis.  
 
Sections 3 and 4 provide an explanation of the methodology the Council used in creating the 
Heat Hazard Index and Flood layer Basemaps used for this analysis.  
 
Section 5 provides explanation of map creation processes and details data used in this analysis.  
 
Section 6 provides all the Human Vulnerability maps created for this CVA, including both the 
aggregates and small multiples for both heat and flood, for a total of 30 maps.  
 
Section 7 provides all the GIS data used for the creation of maps and PowerPoint presentations. 
 
Appendix A provides a step-by-step description of the GIS map creation process 
 
Appendix B provides explanation of the cooling center data acquisition. These data were not 
part of the formal analysis, but it helped provide information for overall recommendations. 
 
Appendix C is the GIS data disclaimer provided by the Council for the Heat Vulnerability 
Basemap and Flood Layers. 
 
Appendix D describes the development of the Social Network indicator and justification for its 
inclusion in climate vulnerability assessments. 
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1. Assessment Design  

This section provides context and relevance for how climate vulnerability interacts with human 
vulnerability. This section also provides context for why this assessment is looking at climate 
events of extreme heat and surface flooding.  

1.1 The Vulnerability Model  

Climate and weather impact not only the built environment and infrastructure, but the people 
who live there as well. In Minnesota, extreme rain events and 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, some community members face 
greater difficulties adapting and responding to those events than others. Understanding what 
areas of the region are most susceptible to extreme weather events is important, but it is 
critical to also look at those areas in terms of the human vulnerability. This enhanced 
awareness of human vulnerability in relation to place-based vulnerability will better inform 
adaptation and mitigation strategies for local municipalities.  
 
Figure 1 shows the relationship of climate, sensitivity, and adaptive capacity as they relate to 
vulnerability. 
  

ά/ƭƛƳŀǘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŘŜǇŜƴŘǎ ƻƴ ŜȄǇƻǎǳǊŜΣ ǎŜƴǎƛǘƛǾƛǘȅΣ ŀƴŘ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅ 
(adapted from IPCC 2012). Climate exposure is the extent and magnitude of a 
climate and weather event. Sensitivity is the degree to which the area of concern 
is susceptible to a climate impact. Adaptive capacity it the ability of the area of 
ŎƻƴŎŜǊƴ ǘƻ ŀŘƧǳǎǘ ƻǊ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ŎƘŀƴƎƛƴƎ ŎƻƴŘƛǘƛƻƴǎΦέ2  

 
 

 
Figure 1: Climate Vulnerability 

                                                 

 

 
2 Petersen, A., Hals, H., Rot, B., Bell, J., Miller, I., Parks, J., Stults, M. 2014. Climate Change and the Jamestown 
{ΩYƭŀƭƭŀƳ ¢ǊƛōŜΥ ! /ǳǎǘƻƳƛȊŜŘ !ǇǇǊƻŀŎƘ ǘƻ /ƭƛƳŀǘŜ ±ǳƭƴŜǊŀōƛƭƛǘȅ ŀƴŘ !ŘŀǇǘŀǘƛƻƴ tƭŀƴƴƛƴƎ. Michigan Journal of 
Sustainability, (Fall 2014) Volume 2. 
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This assessment aims develop a Human Vulnerability Index relevant to extreme heat and 
surface flooding events. 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 hazard.3-MDH 
 

The ability to cope with, resist, and recover from climate events is multifaceted, 
encompassing both direct and indirect effects. While some 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 while indirect 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 relevant to this Minnesota context.  

                                                 

 

 
3 Minnesota Department of Health. 2014, October. Minnesota Climate Change Vulnerability Assessment 2014. 
Minnesota Climate & Health Program (health.mn.gov/climatechange/) 
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Figure 2: Source: http://www.health.state.mn.us/divs/climatechange/climate101.html 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.health.state.mn.us/divs/climatechange/climate101.html
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1.3 Analysis of Vulnerability to Extreme Heat 

Climate and health are intricately connected and weather events such as extreme heat presents 

serious public health concerns. As climate change progresses, extreme weather events are 

expected to occur more frequently and with greater severity. While extreme heat presents a 

burden to built infrastructure and demand for increased cooling loads, certain populations are 

especially vulnerable due to limited income, mobility, race and ethnicity, health status, social 

factors, ability to communicate and access community resources. The Minnesota Climate and 

Health Program, which is part of Minnesota Department of Health, presents these key summary 

points in relation to Extreme Heat Events (EHE): 

¶ aƛƴƴŜǎƻǘŀΩǎ Ŏlimate has become warmer and more humid 

¶ Minnesota may experience more frequent and/or intense EHE 

¶ Minnesota may experience higher morbidity and mortality due to EHE 

¶ Certain populations are more vulnerable to EHE 

¶ Public Health practitioners should be aware of where those populations are located and 
know how to mitigate the risks to EHE4 

 

The bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ bŀǘƛƻƴŀƭ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜ Ƙŀǎ ŎǊŜŀǘŜŘ 

a heat index map that is color coded to indicate the likelihood of heat disorders occurring. As 

can be seen in Figure 3, extreme caution is advised for prolonged exposure or strenuous activity 

in the 90-degree to 100-degree range.  

 
                  Figure 2: NWS Heat Index sourced from http://www.nws.noaa.gov/om/heat/heat-images/heatindexchart.png 

                                                 

 

 
4 MN Climate and Health Program. October 2012. Extreme Heat 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
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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 both a historical map of heat trends from 1971-2000 as well as a projected map for 

2041-нлтлΦ ²ƘŜƴ ƭƻƻƪƛƴƎ ŀǘ ǘƘŜǎŜ ƳŀǇǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ bh!!Ωǎ IŜŀǘ LƴŘŜȄ ƳŀǇΣ ƛǘ ƛǎ ŎƭŜŀǊ 

extreme heat is going to become a growing concern for the metropolitan area and populations 

that are the most vulnerable to episodes of extreme heat.  

 

As can be seen in Figure 4 below, the number of days per year that will be over 90 degrees are 

expected to increase in frequency. Between the periods of 1971-2000, there was an average of 

6 to 12 days per year in the metropolitan region that were above 90 degrees. That number is 

projected to increase to an average of 25 to 40 days above 90 degrees between the years of 

2041 and 2070 if emissions remain high.  

 

 

 

 

 

 
 
 
 
 
 
 

This analysis of extreme heat in the region used a Heat Hazard Index Basemap created by staff 

at the Council. This approach normalized Land Surface Temperature values into an index from 

Very Low to Very High, which creates a means for comparing regions. This HHI map was 

overlaid with the aggregated and direct Human Vulnerability Indicators to assess human 

vulnerability to extreme heat events.  

  

                    Figure 3: Data Source: Great Lakes Integrated Sciences + Assessment Center (GLISA) 
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1.4 Analysis of Vulnerability to Surface Flooding 

The Midwest has seen an increase in very heavy precipitation in the last 50 years. 

Understanding vulnerability to flooding presents different challenges than vulnerability to heat. 

However individual indicators have different degrees of vulnerability, or the vulnerability may 

occur at a different time in different extreme weather events. For example, an emergency room 

visit for asthma is more likely to occur during or shortly after an extreme heat event. In 

contrast, asthma can be triggered by mold growth, which is an after effect in flooding events. 

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

¶ Physical Injuries and drowning 

¶ Mold allergies 

¶ Food and water-borne illnesses 

¶ Temporary or permanent displacement from home 

¶ Stress, anxiety, depression 

¶ Damage to infrastructure, such as roads and bridges, may interrupt or delay emergency 

services5 

 

 

 

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 patterns.  άThe 

                                                 

 

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

Figure 4 Map of Observed Changes in Very Heavy Precipitation, NCA 
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map shows percentage increases in the 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. The trends are larger than natural variations for the Northeast, the 

Midwest, Puerto 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 points of the trends for 1958 to 2012.έ6 

Heavy precipitation is defined as the 2% heaviest precipitation events in a given area. According 
to the projection maps provided by GLISA (Figure 6), the number of 2% heaviest precipitation 
events are projected to increase by about 1 day in Minnesota.  
 

 
    Figure 5 Scenarios for Increased Heavy Rainfall Events, GLISA 

  

Staff at the Council created base maps for localized flooding events using LiDAR data. The 

ǎƘŀƭƭƻǿŜǎǘ ŦƭƻƻŘ ƭŀȅŜǊ ƻŦ лΩ-мΩ was overlaid with the aggregated and direct Human Vulnerability 

Indicators.  

 

 

                                                 

 

 
6NCA. 2014. άFigure 2.81: Observed Change in Very Heavy Precipitation.έ Retrieved online April 15, 2017 from 
http://nca2014.globalchange.gov/report/our-changing-climate/heavy-downpours-increasing 
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2. Human Vulnerability Index 

When developing the Human Vulnerability Index, we first looked at other completed CVAs as 

well as academic literature. The amount of literature regarding climate and climate change 

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 expands the pool of resources, references, 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 specific 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 of ǿƘƛŎƘ ŀǊŜ ƴƻǘ ǇŜǊǘƛƴŜƴǘ ǘƻ ǘƘŜ ¢ǿƛƴ /ƛǘƛŜǎΩ ƎŜƻƎǊŀǇƘȅΦ There have 

been three notable CVAs conducted in Minnesota:  
  

¶ Minneapolis Climate Change Vulnerability Assessment  

¶ St. Paul-Ramsey County Public Health Climate Change Vulnerability Assessment 

¶ Minnesota Department of Health Climate Change Vulnerability Assessment  
 

These three reports focused on issues relevant to Minnesota and provided insight as to what 

data are available through state resources as well as the possibilities for studying other 

geographic 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 

Ŏƛǘȅ ƭŜǾŜƭ ŜȄŀƳƛƴƛƴƎ ǳǊōŀƴ ƘŜŀǘ ƛǎƭŀƴŘ άƘƻǘǎǇƻǘǎέ ŀƴŘ ŦƭƻƻŘ ǾǳƭƴŜǊŀōƭŜ ŀreas of Minneapolis. 

These geographic and infrastructure variables were compared alongside health and social 

vulnerabilities. Of all the literature reviewed, this CVA matched most closely with the climate 

and human variables the Council would like to consider. It also helped to determine the census 

tract level spatial scale of analysis. While finer geographies are available for American 

Community Survey data, the data also have higher margins of error. Minneapolis used census 

tracts, which decreased the margin of error and better mimicked the spatial breakdowns of 

neighborhoods in Minneapolis. We also used census tracts; however, some health-related data 

were only available at the county or zip code level.  

 

The St. Paul-Ramsey County Public Health CVA (SPRCCVA), April 2016, was conducted at the 

Ŏƻǳƴǘȅ ƭŜǾŜƭΦ ¢Ƙƛǎ ƛǎ ōŜǘǘŜǊ ǎǳƛǘŜŘ ǘƻ ǘƘŜ /ƻǳƴŎƛƭΩǎ ǎŎŀƭŜ ƻŦ ŀƴŀƭȅǎƛǎΣ ōǳǘ ƛǘ ŦƻŎǳǎŜǎ ƳƻǊŜ ƻƴ 

ecological changes as they relate to health. Additionally, the report discusses future population 

and demographic projections as well as their potential influence in creating climate action plans 
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and reducing vulnerability. This fits within the CounŎƛƭΩǎ ǊŜƎƛƻƴŀƭ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎΤ ƘƻǿŜǾŜǊΣ ǘƘƛǎ 

analysis is not creating future demographic projections. Rather, this report creates a snapshot 

of current conditions 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 methodology, MDH 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 through present 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 for aƭƭ ŎƭƛƳŀǘŜ ŜǾŜƴǘǎ ƛƴǘƻ ƻƴŜ άǾǳƭƴŜǊŀōƭŜ ǇƻǇǳƭŀǘƛƻƴέ ƳŜŀǎǳǊŜΦ 

 

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. 

This helped inform our process when choosing our indicators. The MDH CVA used more 

vulnerability indicators than what is listed below; the listed indicators were used specifically for 

vulnerability to heat and flooding.  

 

Table 1: Indicators Used in Existing Minnesota CVA Reports 

Indicator 
City of 

Minneapolis 
CVA, 2016 

St. Paul-
Ramsey 

County CVA, 
2016 

Minnesota 
Department of 

Health CVA, 2014 

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 federal 
poverty level 

X X X 

Proportion of Families with 
Children Living at or Below 

Poverty 

  X 

{ǇŜŀƪ 9ƴƎƭƛǎƘ ƭŜǎǎ ǘƘŀƴ άǾŜǊȅ 
ǿŜƭƭέ 

X X X 

Percent of People of Color (non-
White, non-Hispanic) 

X  X 

All Occupied Housing Units in 
Multi -Family Housing 

 X  

Renters X   
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Table 1: Indicators Used in Existing Minnesota CVA Reports (continued) 

Indicator 
City of 

Minneapolis 
CVA, 2016 

St. Paul-
Ramsey 

County CVA, 
2016 

Minnesota 
Department of 

Health CVA, 2014 

Proportion of Mobile Homes  X X 
Air Conditioning (percent of 

resident parcels with central air 
conditioning) 

X   

Employed People aged 16 or 
Older Who Work Outside 

 X  

% of Workers Employed 
Outdoors by Industry 

  X 

Disability noninstitutionalized 
population who report a 

disability 

X   

Occupied Housing Units without 
Telephone Service 

 X  

People 16 years or older who 
walk or bike to work 

 X  

Less than High School Diploma, 
aged 25 years or older 

 X  

Heat Related Emergency 
Department Visits 

X   

Asthma Emergency Department 
Visits 

X   

Heart Attack Hospitalizations X   
  
The indicators from the CVAs shown in Table 1 were useful in developing our set of indicators. 

However, we decided to structure our indicators slightly differently. Our original intent was to 

look at socio-economic vulnerability, but we felt that was too narrow of a lens when assessing 

vulnerability to extreme heat and flooding. Therefore, we created six categories, with two of 

those categories counting as direct indicators and the other four being aggregates of other 

vulnerability characteristics. This allowed us to use an aggregated approach to look at both 

individual vulnerability factors and composite conditions, providing a richer context to 

άvulnerability.έ Since this report focuses on the seven-county region, we felt this division would 

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 

Index can be seen in Figure 7 on the following page and is the foundation of this assessment.  
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As mentioned above, the Human Vulnerability Index includes both direct and aggregated 

indicators. A direct indicator is a standalone variable. Through both climate vulnerability and 

non-climate research, these variables have been found to be main determining factors for 

disadvantage and vulnerability, often being correlated with other vulnerability factors. In this 

Index, direct indicators are race/ethnicity and poverty. Unlike some of the variables in 

aggregated categories (or indirect indicators), these variables do 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 

connections to equity initiatives region wide. 

 

 
Figure 7: Vulnerability Indicators for the Metropolitan Council's CVA 

 
The following pages provides both Table 2: Vulnerability as it relates to Extreme Heat, as well as 

Table 3: Vulnerability as it relates to Surface Flooding. These tables provide detail on each 

indicator, including the level of analysis that was used, the data source, and the section of the 

Technical Document where the corresponding map can be found. The remainder of this section 

provides rationale for each individual indicator in this Human Vulnerability Index.  
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Table 2: Vulnerability as it relates to Extreme Heat 

Vulnerability Indicator Level of Analysis Source 
Section of Technical 

Document: Map 

Human Vulnerability: all 
indicators 

Census Tract and 
modified zip code 

All Listed Sources 6.1 

Poverty @ 185% Census Tract 
ACS 5yr, 2011-

2015 
6.3.1 

Residents of Color Census Tract 
ACS 5yr, 2011-

2015 
6.4.1 

Social Network Census Tract  6.5.1 

% Renter Census Tract 
ACS 5yr, 2011-

2015 
6.5.3 

Tenure < 5 years Census Tract 
ACS 5yr, 2011-

2015 
6.5.4 

Unemployment Census Tract 
ACS 5yr, 2011-

2015 
6.5.5 

% < High School Degree Census Tract 
ACS 5yr, 2011-

2015 
6.5.6 

Health Aggregate  6.6.1 

Age <5 years Census Tract 
ACS 5yr, 2011-

2015 
6.6.3 

Age > 65 years Census Tract 
ACS 5yr, 2011-

2015 
6.6.4 

ER visits: Asthma 
Census Tract 

modified zip code 
MDH, ZIP code 

2009-2013 
6.6.5 

Hospital: COPD 
Census Tract 

modified zip code 
MDH, COPD ZIP 
code 2010-2014 

6.6.6 

Accessibility Census Tract  6.7.1 

Health Insurance Census Tract 
ACS 5yr, 2011-

2015 
6.7.3 

Car Ownership Census Tract 
ACS 5yr, 2011-

2015 
6.7.4 

Disability Census Tract 
ACS 5yr, 2011-

2015 
6.7.5 

Proximity to Hospitals Census Tract 
Hennepin County 

GIS open data 
6.7.6 

Communication Census Tract  6.8.1 

English Proficiency; less 
than very well 

Census Tract 
ACS 5yr, 2011-

2015 
6.8.3 

Telephone Census Tract 
ACS 5yr, 2011-

2015 
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 
indicators 

Census Tract and 
modified zip code 

All Listed Sources 
6.2 

Poverty @ 185% Census Tract ACS 5yr, 2011-
2015 

6.3.2 

Residents of Color Census Tract ACS 5yr, 2011-
2015 

6.4.2 

Social Network Census Tract  6.5.2 

% Renter Census Tract ACS 5yr, 2011-
2015 

6.5.3 

Tenure < 5 years Census Tract ACS 5yr, 2011-
2015 

6.5.4 

Unemployment Census Tract ACS 5yr, 2011-
2015 

6.5.5 

% < High School Degree Census Tract ACS 5yr, 2011-
2015 

6.5.6 

Health Aggregate  6.6.2 

Age <5 years Census Tract ACS 5yr, 2011-
2015 

6.6.3 

Age > 65 years Census Tract ACS 5yr, 2011-
2015 

6.6.4 

ER visits: Asthma Census Tract 
modified zip code 

MDH, ZIP code 
2009-2013 

6.6.5 

Hospital: COPD Census Tract 
modified zip code 

MDH, COPD ZIP 
code 2010-2014 

6.6.6 

Accessibility Census Tract  6.7.2 

Health Insurance Census Tract ACS 5yr, 2011-
2015 

6.7.3 

Car Ownership Census Tract ACS 5yr, 2011-
2015 

6.7.4 

Disability Census Tract ACS 5yr, 2011-
2015 

6.7.5 

Proximity to Hospitals Census Tract Hennepin County 
GIS open data 

6.7.6 

Communication Census Tract  6.8.2 

English Proficiency; less 
than very well 

Census Tract ACS 5yr, 2011-
2015 

6.8.3 

Telephone  Census Tract ACS 5yr, 2011-
2015 

6.8.4 
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2.1 Poverty: Direct 

Population below 185% federal poverty line 

Table: S1701-Poverty status in the past 12 months 

 

This indicator was used by all three of the existing Minnesota CVA reports reviewed for this 

CVA. For this indicator, we agreed with the rationale used in the Minneapolis Climate Change 

Vulnerability Assessment, which states: 
  

ά[ƛǾƛƴƎ ƛƴ ǇƻǾŜǊǘȅ ƳƛƎƘǘ ōŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘŀǾƛƴƎ ŦŜǿŜǊ ǊŜǎƻǳǊŎŜǎ ŀǘ ƻƴŜΩǎ 

disposal, in general and in times of crisis. Cutter et. al7 describe the effect of 

ǎƻŎƛƻŜŎƻƴƻƳƛŎ ǎǘŀǘǳǎ ŀǎ Ψthe ability to absorb losses and enhance resilience to 

hazard impacts.Ω Poverty as 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 preparations in advance of 

impending hazards, greater dependence on social assistance, and greater 

difficulties in recovering livelihoods following a natural hazard event.8 These 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 or flooding 

ǿƘŜǊŜ Ƴŀƴȅ ŀǊŜ ŎƻƳǇŜǘƛƴƎΣ Ψƛƴ ǘƘŜ ƳƻƳŜƴǘΣΩ for the same basic services to meet 

basic needs. Not only may people 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 event.έ9 
 

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

evident, Cannon warns 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 hazards ŘŜǎǇƛǘŜ ǇƻǾŜǊǘȅέΦ10 
 

                                                 

 

 
7 Cutter, S. L., Boruff, F. J., and Shirley, W. L. (2003). ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social Science 

Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002 
8 Morrow, Betty Hearn. 1999. "Identifying and mapping community vulnerability." Disasters 23.1: 118. 
9 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016 
10 Cannon, Terry. 2008. Reducing people's vulnerability to natural hazards communities and resilience, Research 
paper /UNUWIDER,No. 2008.34, ISBN 9789292300807 
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2.2 Residents of Color: Direct 

Percent people of color (self-identified); Percent of population identifying as anything except 

άǿƘƛǘŜ, non- IƛǎǇŀƴƛŎέ 

Table: B03002-Hispanic or Latino Origin by Race 

 

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

and other CVAs. Cutter et. al (2003) described the vulnerability associated with race as άthe lack 

of access to resources, cultural differences, and the social, economic, and political 

ƳŀǊƎƛƴŀƭƛȊŀǘƛƻƴ ǘƘŀǘ ƛǎ ƻŦǘŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊŀŎƛŀƭ ŘƛǎǇŀǊƛǘƛŜǎέΦ11 Because of limited resources 

and cultural differences, etc., minorities are more likely to live in poverty, to live in areas 

vulnerable to climate hazards (due to real estate discrimination and poverty effects), to be 

geographically and economically isolated from jobs, services, and institutions, and to have 

strong trends of language and cultural barriers which affect access to post-disaster funding.έ12 

 

Taking these factors into consideration, the limitations around this indicator need to be 

addressed. Here again, the language used in the Minneapolis Climate Change Vulnerability 

Assessment ǎŜŜƳŜŘ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ǘƘƛǎ ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘΩǎ ǇǳǊǇƻǎŜ, which states: 

ά[ƛƳƛǘŀǘƛƻƴǎΥ Lƴ Ƴŀƴȅ ǿŀȅǎΣ ƛǘ ƛǎ ǳƴŎƻƳŦƻǊǘŀōƭŜ ǘƻ ŀǎŎǊƛōŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ Ŏŀǳǎŀƭƛǘȅ ǘƻ 
race. A discerning 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 race in this assessment as all persons of color, or those who 
ŀǊŜ ǇŜǊǎƻƴǎ ƻŦ ŎƻƭƻǊ ōȅ ǾƛǊǘǳŜ ƻŦ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜȅ Řƻ ƴƻǘ ƛŘŜƴǘƛŦȅ ŀǎ ά²ƘƛǘŜΣ bƻǘ 
IƛǎǇŀƴƛŎΣέ ŎǊŜŀǘŜǎ ŀ ǘǊŜŀǘƳŜƴǘ ƻŦ ǊŀŎŜ ǘƘŀǘ Ŧŀƛƭǎ ǘƻ ƘƻƴƻǊ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎΣ 
cultural and demographic, that 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 Area is forecast to see significant growth in 
ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ ŎƻƭƻǊ ƻǾŜǊ ǘƘŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎέΦ13,14 

                                                 

 

 
11 Cutter, S. L., Boruff, F. J., and Shirley, ²Φ [Φ όнллоύΦ ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social 

Science Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002 
12 Ibid. 
13 Phillips, Brenda D., and Betty Hearn Morrow. 2007. "Social science research needs: Focus on vulnerable 
populations, forecasting, and warnings." Natural Hazards Review 8.3: 6168. 
14 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016. 
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2.3 Social Network: Aggregate 

The individual indicators that form the Social Network Aggregate include: Percent Renter, 

Homeowner Tenure since 2015, Unemployment, and Education Level less than a High School 

Diploma. Social Networks was chosen as a Vulnerability Indicator because the strength of a 

peǊǎƻƴΩǎ ǎƻŎƛŀƭ ƴŜǘǿƻǊƪ Ƴŀȅ impact their health outcomes during extreme heat or flooding 

events. Supporting literature explains how the level of social networks plays a role in mortality 

rates as well as resilience post event. A report issued by the Center for American Progress 

explicitly studies how social networks makes communities more resilient in the face of extreme 

weather events, specifically low-income communities:  
  

άWǳǎǘ ŀǎ ǘƘŜ /ƘƛŎŀƎƻ ƘŜŀǘ ǿŀǾŜ ŘƛǎǇƭŀȅŜŘ ǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ƻŦ ƭƻǿ-income 

communities during extreme heat events, it also spotlighted the resilience of 

socially cohesive communities in the face of extreme weather. Researchers found 

that 3 of the 10 Chicago neighborhoods with the lowest rates of heat-related 

deaths were low-income, 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 

ǿŜŀǘƘŜǊ ŜǾŜƴǘǎΦέ15 

 

Studies have created ways to measure social networks, which could also be referred to as 

community cohesion. However, there tends to be a heavy reliance on qualitative assessments 

of individual communities that are geographically bound, which is not realistic given the 

regional scale of this analysis. For example, one study out of Johns Hopkins University16 worked 

to develop an instrument that could measure an aggregate of individual-level variables, which 

are found to be related to community cohesion. While this study primarily 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.  

 

                                                 

 

 
15 Baussan, D. 2015, May. Social Cohesion: The Secret Weapon in the Fight for Equitable Climate Resilience. Center 
For American Progress.  
16 Buckner, J. 1988. The Development of an Instrument to Measure Neighborhood Cohesion. Johns Hopkins 

University 
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Given the qualitative nature of these data and its exclusion from other reviewed CVAs, this was 

the most challenging indicator to develop. Further explanation of our development process can 

be seen in Appendix D: Social Network Indicator Rationale. Rationale for the individual 

indicators that make up the Social Network Indicator are in sections 2.3.1 through 2.3.4. 

2.3.1 Renters  

Percent renter occupied households 

Table: B25003-Tenure of Occupied Housing Units 

 

Renters were chosen as a vulnerability indicator because they tend to have less control over 

both the quality of their housing condition and the location of where they live. Cutter et. al 

(2003) also suggests that renting can be an indicator of limited resources άōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ 

either transient or do not have the financial resources for home ownership.έ 17 Vulnerability to 

both extreme heat and surface flooding can occur prior to the event, during, or post. wŜƴǘŜǊǎΩ 

vulnerability can often come after the impact of a natural disaster or major weather event, 

where renters tend to have fewer resources to put toward recovery and fewer financial options 

made available to them. Rentership represents an indirect factor of vulnerability and not an 

inherent characteristic.18  

2.3.2 Homeowner Tenure: moved in 2015 or later 

Percent of Homeowners that moved in 2015 or later 

Table: B25038-Tenure by Year Householder moved into Unit 

 

People who have not lived in the same location for long tend to have fewer resilient 

relationships in the neighborhood. They may have less awareness of where to access services 

and how to problem solve with resources available. This indicator was not used in any of the 

CVAs reviewed for this report, but this concept is supported by literature looking at the effect 

of community cohesion and a neighborhoods ability to handle the pre, during and post events 

of extreme heat or flooding. Buckner et. al (1988) found the demographic characteristics that 

are predictors of community cohesion are years lived in the neighborhood, and level of 

education. Level of education showed a negative relationship with community cohesion, 

                                                 

 

 
17/ǳǘǘŜǊΣ {Φ [ΦΣ .ƻǊǳŦŦΣ CΦ WΦΣ ŀƴŘ {ƘƛǊƭŜȅΣ ²Φ [Φ όнллоύΦ ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social Science 

Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002 
18 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016 
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whereas years lived in the neighborhood was positively correlated.19 For that reason, we found 

data that would allow us to map homeowners that are new to the area, suggesting that their 

short tenure may negatively impact their level of social networks in their immediate area.  

2.3.3 Unemployment 

Percent unemployed 

Table: S2301-Employment Status 

 

Lƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿŜŘΣ άŜƳǇƭƻȅƳŜƴǘέ ƛǎ ǘȅǇƛŎŀƭƭȅ ƛƴŎƭǳŘŜŘ ǿƛǘƘ άǎƻŎƛƻŜŎƻƴƻƳƛŎ ǎǘŀǘǳǎΦέ 

Cutter et. al described socioeconomic status as consisting of income, political power, and 

prestige,20 meaning those who are unemployed have less income or status, and their ability to 

recover from disaster or other events is hindered. For flood and heat events, this report 

uncouples άŜƳǇƭƻȅƳŜƴǘέ ŦǊƻƳ άƛƴŎƻƳŜέ ǎƻ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ ǇŀǊǘ ƻŦ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ǎǘŀǘǳǎΣ ōǳǘ 

ƛƴǎǘŜŀŘ ŀ ŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊ ǘƻ άsocial networksΦέ  

 

We justify this concept with the idea that άƛƴŎƻƳŜ,έ considered in this index by poverty level, 

will cover the issues of access to wealth and status. In the Human Vulnerability Index, it is more 

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

people outside of family and social circles, ŀƴŘ Ƙƻǿ άƘŀǾƛƴƎ ŀ Ƨƻōέ Ŏŀƴ ōŜ ŀƴ ŀǎǎŜǘ ƛƴ ŀ ǿŀȅ 

other than providing income or political status or power.  

2.3.4 Educational Attainment; Percent less than a High School Degree 

Educational Attainment 

Table: S1501-Educational Attainment 

 

Cutter et. al argues ά9ŘǳŎŀǘƛƻƴ ƛǎ ƭƛƴƪŜŘ ǘƻ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ǎǘŀǘǳǎΣ ǿith higher educational 

attainment resulting in greater lifetime earnings. Lower education constrains the ability to 

ǳƴŘŜǊǎǘŀƴŘ ǿŀǊƴƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŀŎŎŜǎǎ ǘƻ ǊŜŎƻǾŜǊȅ ƛƴŦƻǊƳŀǘƛƻƴΦέ21 We have selected our 

ǘƘǊŜǎƘƻƭŘ ŀǎ άƭŜǎǎ ǘƘŀƴ ƘƛƎƘ ǎŎƘƻƻƭέ ǘƻ ŀŎŎƻǳƴǘ Ŧƻr the latter element of /ǳǘǘŜǊΩǎ ŘŜǎŎǊƛǇǘƛƻƴΦ 

                                                 

 

 
19 Buckner, J. 1988. The Development of an Instrument to Measure Neighborhood Cohesion. Johns Hopkins 
University 
20/ǳǘǘŜǊΣ {Φ [ΦΣ .ƻǊǳŦŦΣ CΦ WΦΣ ŀƴŘ {ƘƛǊƭŜȅΣ ²Φ [Φ όнллоύΦ ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social Science 

Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002 
21 Cutter, S. L., Boruff, F. J., and Shirley, W. L. (200оύΦ ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social Science 
Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002 
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άLƴŎƻƳŜέ ŎƻǾŜǊǎ ŜŀǊƴƛƴƎǎΣ ŀƴŘ ǿŜ ǎŜŜ άƭƛŦŜǘƛƳŜ ŜŀǊƴƛƴƎǎέ ōŜƛƴƎ ƭŜǎǎ ƳŜŀƴƛƴƎŦǳƭ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ 

specific flood and heat events.  

2.4 Health - Aggregate 

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

Younger, Age 65 Years and Older, Asthma Hospitalizations, and chronic obstructive pulmonary 

disease (COPD) Hospitalizations. 5ŜǘŜǊƳƛƴƛƴƎ ŀ ŎƻƴŎŜǇǘǳŀƭ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ǘƘŜ ƻǾŜǊŀƭƭ άƘŜŀƭǘƘέ ƻŦ 

the population in areas vulnerable to surface flooding and extreme heat is complex. Available 

data indicates only potential health vulnerabilities, like age, or past health history, like hospital 

visits. These data do not indicate the severity, length, or chronic impacts. Even so, 

understanding the role potential and past health history plays on the health outcomes during 

extreme heat or surface flooding events is important in unŘŜǊǎǘŀƴŘƛƴƎ ŀƴ ŀǊŜŀΩǎ ƻǾŜǊŀƭƭ 

vulnerability.  

 

For these reasons, and to obtain spatial data to map populations vulnerable to climate events 

due to past health concerns, we chose to use data for overall hospital visits, ƴƻǘ ά9w ǾƛǎƛǘǎΦέ ¢Ƙƛǎ 

decision was made because of a lack of available data from MDH: 
 

ά¢ƘŜ ǊŜŀǎƻƴ ǘƘŀǘ ǿŜ Řƻ ƴƻǘ ǇǳōƭƛǎƘ ƻǳǘǇŀǘƛŜƴǘ ό9wύ ƘƻǎǇƛǘŀƭ Ǿƛǎƛts for heart attacks and 

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 more technical aspects of case 

ascertainment, we do not use ER visits for these outcomes to understand population 

ƘŜŀǘƘ ǇŀǘǘŜǊƴǎΦέ  - Minnesota Department of Health22  

 
Rationale for the individual indicators that make up the Health Indicator are in the following 
sections 2.4.1 through 2.4.4 

2.4.1 Age 5 Years and Younger 

Age Five (5) Years and Under 

Table: B01001-Sex by Age 

 

For this indicator, we agreed with the Minneapolis Climate Change Vulnerability Assessment 

rationale, which states: 

                                                 

 

 
22 MDH, e-mail message to authors, April 12, 2017. 
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άAt the younger extreme of the age spectrum, greater vulnerability exists because 

of the limitations on άƳƻǾŜƳŜƴǘ ƻǳǘ ƻŦ ƘŀǊƳΩǎ ǿŀȅέ23. The vulnerability of young 

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

as well as their limited physical and24 mental ability to respond effectively to 

emergency situations. Very young children represent these vulnerabilities to a 

greater degree than older children, and are especially vulnerable to extreme 

heat25.  Also, like older adults, young children have greater biological susceptibility 

to extreme environmental conditions, specifically extreme heat because they are 

ƴƻǘ ŀǎ ŜŦŦƛŎƛŜƴǘ ŀǘ ǊŜƎǳƭŀǘƛƴƎ ǘƘŜƛǊ ōƻŘȅ ǘŜƳǇŜǊŀǘǳǊŜέ όŘǳŜ ǘƻ ǎƳŀƭƭŜǊ ōƻŘȅ Ƴŀǎǎ 

to surface area ratio).26έ 

 

άLimitations: The vulnerability of very young children is not only dependent upon 

biological factors related to age, but is also situational in nature and dependent 

ǳǇƻƴ ŀ ŎƘƛƭŘΩǎ environment and family support27. This assessment assumes that 

young children are themselves vulnerable, but Morrow 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 can impact resilience to a 

disaster.28έ 

2.4.2 Age 65 and Older 

Age Sixty-Five (65) Years and Over 

Table: B01001-Sex by Age 
 

Elderly populations, specifically in our context of flooding and extreme heat events, have 

myriad health implications to consider. The elderly have the highest rates of heat-related 

illnesses and death, decreased ability to control body temperature, increased susceptibility to 

                                                 

 

 
23 /ǳǘǘŜǊΣ {Φ [ΦΣ .ƻǊǳŦŦΣ CΦ WΦΣ ŀƴŘ {ƘƛǊƭŜȅΣ ²Φ [Φ όнллоύΦ ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social 

Science Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002 
24 Cannon, Terry. 2008. άReducing people's vulnerability to natural hazards communities and resiliŜƴŎŜέ wŜǎŜŀǊŎƘ 
paper /UNUWIDER. 
25 McGeehin, M., & Mirabelli, M. 2001. The potential impacts of climate variability and change on temperature 
related morbidity and mortality in the United States. Environmental Health Perspectives, 109, 185ς189 
26 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016 
27 Morrow, Betty Hearn. "Identifying and mapping community vulnerability." Disasters 23.1 (1999): 118. 
28 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016 
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heat due to medications and chronic disease conditions, less likelihood and ability to leave their 

home following evacuation orders, and social isolation, which is important because people may 

not be checking on them during and/or after flooding or extreme heat events.29 They are also 

more likely to lack the economic resources to be resilient to natural disaster impacts.30 

 

Limitations acknowledged by the Minneapolis Climate Change Vulnerability Assessment 

regarding the vulnerability of persons 65 years and older states: 
 

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

hazards disregards the complexity and heterogeneity that exists among 

populations of older age. Ngo ƻōǎŜǊǾŜǎ ǘƘƛǎ ŎƻƳǇƭŜȄƛǘȅ ŀƴŘ ǊŜƳƛƴŘǎ ǳǎ ǘƘŀǘ άǿƛǘƘƛƴ 

the elderly population, the young old, aged, oldest old, and frail elderly 

demonstrate a broad diversity in health, level of function, and social standing.έ31 

2.4.3 Asthma: Hospitalizations 

Asthma Hospitalizations per 10,000 people 

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

Table: Asthma-ZIP code 2009-2013 

Level of granularity: Zip Code 

 

Vulnerability from health factors span from dǳǊƛƴƎ ǘƘŜ άƳƻƳŜƴǘέ ƻŦ ǘƘŜ ŜǾŜƴǘ to effects that 

can take hold well after an event. During heat events, people with asthma can experience flare-

ups in times of high heat and humidity. Extreme temperature can cause air to become stagnant, 

trapping pollutants in the air, which can also cause an asthma flare-up.32 An additional concern 

in relation to flooding is people with respiratory illnesses may be more vulnerable to mold 

development after a flood.33 

                                                 

 

 
29 Minnesota Department of Health. 2015. Minnesota Climate and Health Profile Report, 2015, An Assessment of 

Climate Change Impacts on the Health & Well-Being of Minnesotans 
30 Technical Report: Minneapolis Climate Change Vulnerability Assessment, 2016 
31 Ngo, E. (2001). "When Disasters and Age Collide: Reviewing Vulnerability of the Elderly." Nat. Hazards Review, 

10.1061/(ASCE)15276988(2001)2:2(80), 80-89. 
32 The Lung Association, (n.d.). Heat and Humidity, How to protect your lungs on hot and humid days. Retrieved 

April 2017 from online source: https://www.lung.ca/news/expert-opinions/pollution/heat-and-humidity 
33 Minnesota Department of Health. 2015. Minnesota Climate and Health Profile Report, 2015, An Assessment of 

Climate Change Impacts on the Health & Well-Being of Minnesotans. 
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2.4.4 Chronic Obstructive Pulmonary Disease (COPD): Hospitalizations 

COPD Hospitalizations per 10,000 people 

Table: COPD ZIP code 2010-2014 

 

Vulnerability from health factors span from dǳǊƛƴƎ ǘƘŜ άƳƻƳŜƴǘέ ƻŦ ǘƘŜ ŜǾŜƴǘ to effects that 

can take hold well after an event. Having COPD requires more energy just to breathe, and 

extreme heat requires extra energy to try to cool down. If heat is too extreme, this can affect a 

ǇŜǊǎƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ōǊŜŀǘƘŜ.34 Increased heat and humidity can trap air pollutants. Exposure to 

air pollution is associated with the development and progression of COPD.35  

2.5 Accessibility - Aggregate 

The individual indicators that form the Accessibility Aggregate Indicator include: Without Health 

Insurance, No Car Ownership, Disability, and Distance from a Hospital. These indicators were 

selected to conceptually speak to whether a person would have a difficult time accessing help 

both during an extreme heat or flood event, such as evacuation or transport to emergency 

health care services, and the ability to respond after the event due to persistent health 

conditions that may result from these climate events. One example of a post event hazard 

would be the growth of mold due to flooding and standing water, which can negatively impact 

individuals with asthma or COPD. Rationale for the individual indicators that make up the 

Accessibility Indicator are in the following sections 2.5.1 through 2.5.4 

2.5.1 Health Insurance 

Percent without Health insurance 

Table: B27001-Health Insurance Coverage Status by Sex and Age 

 

HavinƎ ƘŜŀƭǘƘ ƛƴǎǳǊŀƴŎŜ ƛƳǇŀŎǘǎ ŀ ǇŜǊǎƻƴΩs ability and decision making for when and how to 

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

widely addressed in other CVA literature. However, insurance (ƘƻƳŜƻǿƴŜǊΩǎ ƛƴǎǳǊŀnce, flood 

insurance, etc.) was included in the context of socioeconomic status ƛƴ /ǳǘǘŜǊ ŜǘΦ ŀƭΩǎ ǎƻŎƛŀƭ 

vulnerability framework.36 Understanding the health insurance status of the community is a 

                                                 

 

 
34 The Lung Association, (n.d.). ibid 
35 Minnesota Department of Health. 2015. Minnesota Climate and Health Profile Report, 2015, An Assessment of 

Climate Change Impacts on the Health & Well-Being of Minnesotans. 
36 /ǳǘǘŜǊΣ {Φ [ΦΣ .ƻǊǳŦŦΣ CΦ WΦΣ ŀƴŘ {ƘƛǊƭŜȅΣ ²Φ [Φ όнллоύΦ ά{ƻŎƛŀƭ ±ǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŀȊŀǊŘǎΦέ Social Science 
Quarterly, Vol 84(2), pp 242-264. DOI: 10.1111/1540-6237.8402002  
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meaningful indicator of vulnerability. People who are uninsured may be reticent or unable to 

access health 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 Cutter et. al argues ǘƘŀǘ ƭƻǿ ƭŜǾŜƭǎ ƻŦ άǇǊƻȄƛƳŀǘŜ ƳŜŘƛŎŀƭ ǎŜǊǾƛŎŜǎέ ǿƛƭƭ 

άƭŜƴƎǘƘŜƴ ƛƳƳŜŘƛŀǘŜ ǊŜƭƛŜŦ ŀƴŘ ƭƻƴƎŜǊ-ǘŜǊƳ ǊŜŎƻǾŜǊȅ ŦǊƻƳ ŘƛǎŀǎǘŜǊǎΣέ37 we also argue that the 

lack of insurance might have a similar effect in lengthening recovery from flooding and extreme 

heat events as people are not able to afford healthcare.  

2.5.2 Car Ownership: No Access 

Percent households without a vehicle 

Table: DP04-Selected Housing Characteristics 

 

For this indicator, we agreed with the Minneapolis Climate Change Vulnerability Assessment 

rationale, which states: 
 

ά¢ƘŜ ƛƳǇƭƛŎŀǘƛƻƴ ƻŦ ǾŜƘƛŎƭŜ ŀŎŎŜǎǎ ƛǎ ǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜƳƻǾŜ ƻƴŜΩǎ ǎŜƭŦ ǎǿƛŦǘƭȅ ŦǊƻƳ 

a dangerous situation. Households with no vehicle have more limited mobility in a 

time of crisis, and are thus more vulnerable to extreme weather threats associated 

with climate change. Those without vehicle access may also have less ability to get 

oneself to health services. 

 

Limitations: Access to a vehicle represents an indirect factor of vulnerability, and 

not an inherent characteristic. Vehicle access or ownership is a more fluid 

characteristic than age, disability or other intrinsic variables.38έ 

2.5.3 Disability 

Percent with a disability 

Table: S1810-Disability Characteristics of Noninstitutionalized Population 

 

Having a disability can limit a perǎƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ŀƴǘƛŎƛǇŀǘŜΣ ǇǊŜǇŀǊŜ ŦƻǊΣ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ŎƭƛƳŀǘŜ 

events, which increases their vulnerability to climate events. In some cases, assistance is 

ǊŜǉǳƛǊŜŘ ǘƻ ŜƴǎǳǊŜ ǇŜǊǎƻƴǎ ǿƛǘƘ ŘƛǎŀōƛƭƛǘƛŜǎ ŀǊŜ ƻǳǘ ƻŦ ƘŀǊƳΩǎ ǿŀȅ ŘǳǊƛƴƎ ŎƭƛƳŀǘŜ ŜǾŜƴǘǎΣ ǿƘƛŎƘ 

requires both coordination and resources. The 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, self-care, and vision. The American 

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

but individual data for each disability are available in the same table (specified above) for 

deeper analysis. This indicator is also important to include as the /ƻǳƴŎƛƭΩǎ ¢IwL±9 a{t нлпл 

ƛƴŎƭǳŘŜǎ άŀōƛƭƛǘȅέ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ ŎƻƴƴŜŎǘŜŘ ǘƻ άequityέ ƻǳǘŎƻƳŜǎ.  

2.5.4 Proximity to a Hospital 

Proximity to hospital, further than six miles 

Table: Extracted from MDH Health Care Facility and Provider 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 become. In medical response literature and 

survivorship analysis, six miles is the maximum emergency response range before noted 

decreases in survivorship probabilities.39,40 Proximity to hospitals is important for communities 

and local government in planning responses to flood and extreme heat events. Implications 

could include high demand for EMS services, overwhelmed ERs and urgent health clinics, and 

high/heavy usage of hospitals themselves during these events. This creates a need to assess 

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

living in these areas.  

2.6 Communication - Aggregate 

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

9ƴƎƭƛǎƘ ά[Ŝǎǎ ǘƘŀƴ ±ŜǊȅ ²Ŝƭƭέ and No Telephone. Communication was designed as a category 

for similar reasons as selecting indicators in the ά!ŎŎŜǎǎƛōƛƭƛǘȅέ category. The two 

Communication indicators 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 

understand prŜǇŀǊŀǘƛƻƴ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ǎƛƎƴǎύΣ άƛƴ ǘƘŜ ƳƻƳŜƴǘέ όƛΦŜΦ Ŏŀƴ ŀǎƪ ŦƻǊ ƘŜƭǇ ƛƴ 

evacuation, transport to emergency health care) and over time (i.e. able to communicate needs 

for recovery). Rationale for the individual indicators that make up the Communication Indicator 

are in the following sections 2.6.1 and 2.6.2 

                                                 

 

 
39 Currie, Janet and Patricia B. Reagan. 2007. DistŀƴŎŜ ǘƻ ƘƻǎǇƛǘŀƭ ŀƴŘ ŎƘƛƭŘǊŜƴΩǎ ǳǎŜ ƻŦ ǇǊŜǾŜƴǘŀǘƛǾŜ ŎŀǊŜΥ Lǎ ōŜƛƴƎ 
closer better, and for whom? Economic Inquiry, 41(3), 378-391. 
40 Nicholl, Jon, James West, Steve Goodacre, and Jeanette Turner. 2007. The relationship between distance to 

hospital and patient mortality in emergencies: An observational study. Emergency Medical Journal, 24(9), 665-668. 
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нΦсΦм {ǇŜŀƪǎ 9ƴƎƭƛǎƘ ά[Ŝǎǎ ǘƘŀƴ ±ŜǊȅ ²Ŝƭƭέ 

tŜǊŎŜƴǘ 9ƴƎƭƛǎƘ ǇǊƻŦƛŎƛŜƴŎȅ ƭŜǎǎ ǘƘŀƴ άǾŜǊȅ ǿŜƭƭέ 

Table: S1601-Language Spoken at Home 

 

This vulnerability indicator was used in all three of the Minnesota specific CVAs reviewed for 

this CVA. For this indicator, we agreed with the Minneapolis Climate Change Vulnerability 

Assessment rationale, which states: 
 

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

information or respond appropriately when important information is disseminated 

ƛƴ ǘƘŜ ŘƻƳƛƴŀƴǘ ƭŀƴƎǳŀƎŜΧ²ƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ 

conditions such as those predicted by climate change forecasts, systematic 

language related barriers stack the deck against those with limited English 

proficiency. 

 

Limitations: The ACS classificatƛƻƴ ƻŦ ǘƘƻǎŜ ǿƘƻ ǎǇŜŀƪ 9ƴƎƭƛǎƘ άƭŜǎǎ ǘƘŀƴ ǾŜǊȅ ǿŜƭƭέ 

is overly general, and may not fully capture the range of limited English capacity 

that contributes to risk in the face of climate change. 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 

because of language limitations.41έ 

 

Not only does a limited proficiency to speak English effect the ability to find and understand 

information about evacuation, it may also have an impact on inclination and ability to access 

healthcare, suggesting difficulties in long-term recovery when it comes to health effects.  

Additionally, these data do not account for which languages are present in the various regions 

ƻŦ ƘƛƎƘ άƭŜǎǎ ǘƘŀƴ ǾŜǊȅ ǿŜƭƭέ ŘŀǘŀΦ {ǇŀƴƛǎƘΣ bƻǊǘƘ !ŦǊƛŎŀƴ ƭŀƴƎǳŀƎŜǎΣ IƳƻƴƎ ŀƴŘ ƻǘƘŜǊ !ǎƛŀƴ 

and South East Asian languages, and various Eastern European languages (among others) may 

be present in high concentrations in the seven-county region of this study.42 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 
42 ½ŀƴ !ǎǎƻŎƛŀǘŜǎΦ άwŜǘƘƛƴƪƛƴƎ LфпΥ {ǳƳƳŀǊȅ ƻŦ 5Ŝǎƪ wŜǎŜŀǊŎƘΣ нлмсΦέ CƻǊ wŀbbit and the Minnesota Department 

of Transportation. 
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tracts with several different spoken languages or isolated non-English speakers. This limitation 

can be better addressed at a more local level.  

2.6.2 No Telephone (Landline)  

Percent households without telephone 

Table: B25043-Tenure by Telephone Service Available by Age of Householder 

 

Households without telephones are vulnerable as they may have limited communication 

options to receive warnings, ask for assistance, or check on others. Landlines are important in 

the event of an extreme weather event in case cell phone networks become overwhelmed. This 

was the case in the wake of the 35W bridge collapse on August 1st, 2007; many people were not 

able to make cell phone calls because the cell signals were overwhelmed.43 This scenario is 

unlikely in the event of extreme heat or surface flooding, but does show the importance of 

phone communication and the limitations of cell phones.  

 

Limitations: These data only consider landlines, as cell phone data are not currently collected by 

the US Census and are difficult to obtain from providers. As several houses only use cell phones 

for communication, the available data provide an incomplete picture of phone access. 

 

3. Methodology of Flood Layers 

This section describes the methodology the Council used to develop its flood layers base map. 

The justification for the flood layer used by our team is also provided below. The GIS data 

disclaimer provided by the Council can be found in Appendix C. 

3.1 Metropolitan Council CVA Flood Layers 

The Council gathered data on two types of flooding: riverine and shallow/surface flooding. For 

this CVA, we only examined shallow/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 an extreme rain event. 

In developing the surface flooding methodology, the Council followed an example from the 

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

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

                                                 

 

 
43 ά/ell phone service falters after bridge collapseέ http://www.twincities.com/2007/08/01/cell-phone-service-

falters-after-bridge-collapse/ last accessed May 12, 2017.  

http://www.twincities.com/2007/08/01/cell-phone-service-falters-after-bridge-collapse/
http://www.twincities.com/2007/08/01/cell-phone-service-falters-after-bridge-collapse/
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which are the areas that are the most susceptible to flooding during a short-term, extreme rain 

event.44 The bluespot analysis conducted by the Council relied on topography information that 

ǿŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ aƛƴƴŜǎƻǘŀΩǎ о-meter digital elevation model (DEM), which was 

built from the ǎǘŀǘŜΩǎ [ƛ5!w ŜŦŦƻǊǘΦ Stormwater infrastructure data are not included in this 

analysis because the information does not currently exist at a regional scale. Therefore, this 

analysis is restricted solely to depressions in the DEM. Low points in the landscape are 

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 height.45  

 

The bluespots 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 inches of fast-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 occur with small depths of flooding. This is also 

the most likely level of flooding to occur during a short-term, extreme rain event. 

 
Figure 6 NOAA Description of Dangerous Water Levels46 

 

 

  

                                                 

 

 
44 Danish Road Institute. 2010. The Blue Spot Method: Development of a Screening Method to Assess Flood Risk on 
Highways. Report 183-2010. 
45 The Metropolitan Council. (n.d.). Metropolitan Council Climate Vulnerability Assessment Flood Layers. 
46 bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ²ŜŀǘƘŜǊ wŜŀŘȅ bŀǘƛƻƴΦ ά{ƻŎƛŀƭ aŜŘƛŀΥ CƭƻƻŘ {ŀŦŜǘȅΦέ   
http://www.nws.noaa.gov/com/weatherreadynation/social_media/spriing_flood.html  

http://www.nws.noaa.gov/com/weatherreadynation/social_media/spriing_flood.html
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3.2: Surface Flooding Index Map   
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4. Methodology of Heat Layers 

This section describes the methodology the Council used in developing the heat base map used 

for this assessment. The Council produced three products looking at regional vulnerability to 

extreme heat: land surface temperature, normalized heat vulnerability (also referred to as the 

heat hazard index), and interpolated air temperature. This assessment utilized only the heat 

hazard index, for reasons described in section 4.1 through 4.3. ¢ƘŜ /ƻǳƴŎƛƭΩǎ GIS data disclaimer 

can be found in Appendix C. 

4.1 Land Surface Temperature  

The Council 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 seven-county metropolitan region of the Twin Cities. 

άThe 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 Minneapolis-St. Paul International Airport, 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 temperature of 97°F 
by around 5-6pmΧΦ The 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 x 100-meter resolution, but was re-scaled and processed with NDVI 
data at the 30 x 30-meter scale. 

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 temperature with 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 breaks.έ47 

Land Surface Temperature (LST) values without regional water bodies was the primary basis for 

ǘƘŜ /ƻǳƴŎƛƭΩǎ ƘŜŀǘ ƘŀȊŀǊŘ ƛƴŘŜȄΦ wŜƎƛƻƴŀƭ ǿŀǘŜǊ ōƻŘƛŜǎ ǿŜǊŜ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ Řŀǘŀ ǎŜǘ 

                                                 

 

 
47 The Metropolitan Council. (n.d.). Metropolitan Council Climate Vulnerability Assessment Heat Layers. 
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because water has different heat retention properties than most land surfaces, and thus would 

have reduced the accuracy of land surface 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 

temperatures are normalized by census tract in the third layer of this package. 

4.2 Heat Hazard Index 

¢ƘŜ /ƻǳƴŎƛƭΩǎ ŀǎǎŜǎǎƳŜƴǘ ŎƻƴǾŜǊǘŜŘ ƳŜŀƴ ŎŜƴǎǳǎ ǘǊŀŎǘ [{¢ ǾŀƭǳŜǎ ƛƴǘƻ ŀ ƘŜŀǘ ƘŀȊŀǊŘ ƛƴŘŜȄ ƻŦ 

ŦƛǾŜ Ŝǉǳŀƭ ƛƴǘŜǊǾŀƭǎΣ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ ŜȄŎŜǊǇǘ ŦǊƻƳ ǘƘŜ /ƻǳƴŎƛƭΩǎ ŘƻŎǳƳentation below. This 

ƘŜŀǘ ƘŀȊŀǊŘ ƛƴŘŜȄ ŎŜƴǎǳǎ ǘǊŀŎǘ ƭŀȅŜǊ ŦƻǊƳŜŘ ǘƘŜ ōŀǎƛǎ ƻŦ ƻǳǊ ǘŜŀƳΩǎ ƘŜŀǘ-related vulnerability 

assessment. 

άCƻƭƭƻǿƛƴƎ ŜȄŀƳǇƭŜǎ ŦǊƻƳ ƘŜŀǘ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘǎ ŘƻƴŜ ƛƴ .ƛǊƳƛƴƎƘŀƳΣ 9ƴƎƭŀƴŘ ŀƴŘ 
Rennes, France, our Heat Hazard Index Map aggregated LST values from July 22, 
2016 (without water bodies-- the 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 normalized to a scale of 0 ς 1, 
which was subsequently broken down into five equal intervals and displayed as 
ǊŀƴƎŜ ōŜǘǿŜŜƴ ά±ŜǊȅ [ƻǿέ όл - 0.нύ ǘƻ ά±ŜǊȅ IƛƎƘέ όлΦу - 1).έ51 

We chose to use this LST-based 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 long-term temperature trends. From the CounŎƛƭΩǎ ƘŜŀǘ ƭŀȅŜǊ 

documentation: 

ά!ǎ ²ƘƛǘŜ-bŜǿǎƻƳŜ Ŝǘ ŀƭΦ όнлмоύ ŘƛǎŎǳǎǎΣ ά[{¢ ƛǎ ōŜǘǘŜǊ ǎǳƛǘŜŘ ŦƻǊ ǊŜǇǊŜǎŜnting 
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 
Ǉƻƛƴǘ ƛƴ ǘƛƳŜέ όǇΦ фнфύΦ Lƴ ǘƘŜ ƛŘŜŀƭ ǿƻǊƭŘΣ ǿŜ ǿƻǳƭŘ ōŜ ǳǎƛƴƎ ƛƴ-situ measurements 
equidistant 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 fully understood, the use of satellite imagery to map the spatial 
extent of the urban heat island effect is common practice (Tomlinson et al., 
2011).έ48 

hƴŜ ǎƛƎƴƛŦƛŎŀƴǘ ŎŀǾŜŀǘ ƻŦ ƻǳǊ ǘŜŀƳΩǎ ŀǇǇǊƻŀŎƘ ƛǎ ǘƘŀǘ ǘƘŜ ƘŜŀǘ ƘŀȊŀǊŘ ƛǎ ǳƴŘŜǊǊŜǇǊŜǎŜƴǘŜŘ ƛƴ 

small towns and rural population centers. A small town located in a large rural census tract 

                                                 

 

 
48 The Metropolitan Council. (n.d.). Metropolitan Council Climate Vulnerability Assessment Heat Layers. 
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could have a substantial heat island effect, but the average index value for the tract would 

remain relatively low. However, because much of the socio-economic data relevant to this 

assessment were not available in units smaller than the census tract, we found it necessary to 

keep census tracts as our unit of analysis. 

 
Note: Those using this report in the context of rural population centers should refer to the 30 x 
30 meter LST maǇ ǘƻ ōŜǘǘŜǊ ŜǾŀƭǳŀǘŜ ǊŜǎƛŘŜƴǘǎΩ ŜȄǇƻǎǳǊŜ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ŜȄǘǊŜƳŜ ƘŜŀǘΦ 

4.3 Interpolated Air Temperature 

Interpolated air temperature approximates the temperatures that residents feel on a daily 

basis. As a result, air temperature maps may be preferable to LST when communicating with 

the public about the urban heat island effect. 

ά¢ƘŜ !ƛǊ ¢ŜƳǇŜǊŀǘǳǊŜ aŀǇ ƛǎ ǾŜǊȅ ǳǎŜŦǳƭ ŀǎ ŀƴ ƛƴǘǳƛǘƛǾŜ Ǿƛǎǳŀƭ ǇǊƻƳǇǘ ŦƻǊ ŀƴ 
audience, but should be used with caution when analyzing a local area. The 
variable density of the ǎŜƴǎƻǊ ƴŜǘǿƻǊƪ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƳŀǇΩǎ ǊŜǎƻƭǳǘƛƻƴ ƛǎ ƭƻǿŜǊ 
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 than perhaps what was felt that dayΦέ52 

 

<Remainder of Page Left Intentionally Blank> 
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4.4 Heat Hazard Index Map 
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5. Data Preparation and Map Creation  

This section describes the process of acquiring and preparing all data used in this analysis. It 

also provides a full description of the aggregate map creation process. More technical 

explanations and full GIS processes can be found in Appendix A: GIS Processes Step-by-Step.  

5.1 Data Details 

This section provides information on the acquisition of demographic data for each indicator 
used as well as the spatial scale chosen for this analysis. It also details how the data was 
formatted and converted to create maps using the ArcGIS software. Full GIS processes can be 
found in Appendix A: GIS Processes Step-by-Step. 

5.1.1 Demographic Data 

All demographic data was downloaded 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 of spatial analysis because it offers a finer level of detail than city level 

data while having lower margins of error than block group data. Additionally, given the regional 

approach of this analysis, block group data were very similar to census tract data for most 

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 were then formatted to facilitate the conversion to spatial association in ArcGIS software, 

including the assignment of Field Names that fit the parameters of ArcGIS software, detailed on 

the following page in Table 4: Demographic Data Sources. This join operation was based on the 

GEOId2 Field, which provides a unique code for each census tract. 

 

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

Indicator 2011-2015 ACS Table 
Attribute used for 

analysis 
GIS Table 

attribute code 

Poverty S1701 - Poverty status in the 
past 12 months 

Population below 
185% poverty level 

PerPov185 

Residents of 
Color 

B03002 - Hispanic or Latino 
Origin by Race 

Persons of Color PerPOC 

Age B01001 - Sex by Age Age 5 and under 
Age 65 and over 

Und5Per 
Per65Up 

Renters B25003 - Tenure of Occupied 
Housing Units 

Percentage of Renter 
Households 

PercRent 

Education S1501 - Educational Attainment Population with Less 
than High School 
Diploma or 
equivalent 

Per_LessHigh 

Homeowner 
Tenure 

B25038 - Tenure by Year 
Householder moved into Unit 

Moved into Home 
since 2015 

PerOwnMove15 

Unemployment S2301 - Employment Status Percent Unemployed Per_Unemp 

Disability S1810 - Disability 
Characteristics of 
Noninstitutionalized Population 

Percent of population 
with any disability 

PercDisablePop 

Vehicle Access DP04 - Selected Housing 
Characteristics 

Occupied Households 
without Vehicle 
Access 

Per_NoCar 

Health 
Insurance 

B27001 - Health Insurance 
Coverage Status by Sex by Age 

Percent of Population 
with no Health 
Insurance Coverage 

Per_NoHI 

Phone Access B25043 - Tenure by Telephone 
Service Available by Age of 
Householder 

Percentage of 
households without 
phone service 

Per_NoPhone 

Language 
Proficiency 

S1601 - Language Spoken at 
Home 

Speaks English less 
ǘƘŀƴ άǾŜǊȅ ǿŜƭƭΣέ ƻǾŜǊ 
5 years old 

Per_LessEng 
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5.1.2 Hospitalization Data 

All hospitalization data were downloaded from the Minnesota Department of Health Data 

Portal. Unlike the demographic data described in Table 4, hospitalization rates were not 

represented as a percentage of total tract population. Instead, these data describe 

hospitalizations per 10,000 residents for asthma symptoms from 2009 to 2013, and for COPD 

symptoms from 2010 to 2014. Zip-code-level was the finest geography publicly available, which 

does not align with census tracts. Our team calculated hospitalization estimates by census tract 

using the process detailed in Appendix A: GIS Processes Step-by-Step. 

5.1.1 Hospital Location Data 

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

Step-by-Step 

 

Hospital location data for the State of Minnesota was obtained through the Hennepin County 

GIS Data Portal. Then, all hospitals located in the seven-county metropolitan region were 

ǎŜƭŜŎǘŜŘ ǳǎƛƴƎ !ǊŎDL{Ωǎ ά{ŜƭŜŎǘέ ¢ƻƻƭΦ !ƭƭ ǎŜƭŜŎǘŜŘ ƘƻǎǇƛǘŀƭs were exported to create their own 

ǎƘŀǇŜŦƛƭŜΣ ƴŀƳŜŘ άaŜǘǊƻψIƻǎǇƛǘŀƭǎΦέ !ƴ ŀŘŘitional two hospitals outside of the seven-county 

metropolitan area were included in this analysis as they were located within the determined 

six-mile buffer range of metropolitan area census tracts.  

 

A six-mile buffer was created around each hospital location. In medical response literature and 

survivorship analysis, six miles is the maximum emergency response range before noted 

decreases in survivorship probabilities.49,50 ¢Ƙƛǎ ǿŀǎ ŘƻƴŜ ǳǎƛƴƎ ǘƘŜ !ǊŎDL{ άōǳŦŦŜǊέ ǘƻƻƭΣ ǎŜǘ ŀǘ ŀ 

six-mile radius. Once the buffer 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, 

ά¢ǊŀŎǘƛƴ.ǳŦŦΦέ 

 

To calculate the percentage of each census tract within a hospital buffer, we first needed 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 

ŀǊŜŀ ŎŀƭŎǳƭŀǘƛƻƴ ŦǳƴŎǘƛƻƴ ǘƻ ǿƻǊƪΦ ¢Ƙƛǎ ǿŀǎ ŘƻƴŜ ǳǎƛƴƎ ǘƘŜ άtǊƻƧŜŎǘέ Řŀǘŀ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭΦ 

This was done in the Attribute Table. ! ƴŜǿ ŘƻǳōƭŜ ŦƛŜƭŘΣ ά!ǊŜŀΣέ ǿŀǎ ŎǊŜŀǘŜŘ ƛƴ ŜŀŎƘ ŀǘǘǊƛōǳǘŜ 

                                                 

 

 
49 Currie, Janet, and Patricia B. Reagan. (2007). DistŀƴŎŜ ǘƻ ƘƻǎǇƛǘŀƭ ŀƴŘ ŎƘƛƭŘǊŜƴΩǎ ǳǎŜ ƻŦ ǇǊŜǾŜƴǘŀǘƛǾŜ ŎŀǊŜΥ Lǎ ōŜƛƴƎ 
closer better, and for whom? Economic Inquiry, 41(3), 378-391 
50 Nicholl, Jon, James West, Steve Goodacre, and Jeanette Turner. (2007). The relationship between distance to 

hospital and patient mortality in emergencies: An observational study. Emergency Medical Journal, 24(9), 665-668. 
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ǘŀōƭŜΦ ¢ƘŜƴΣ ǘƘŜ ƎŜƻƳŜǘǊȅ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǊƛƎƘǘ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ŎǊŜŀǘŜŘ ά!ǊŜŀέ ŦƛŜƭŘ ŀƴŘ 

ǎŜƭŜŎǘƛƴƎ ά/ŀƭŎǳƭŀǘŜ DŜƻƳŜǘǊȅΦέ ¢ƘŜ ŀǊŜŀ was calculated in square meters given the very small 

ŀǊŜŀǎ ƻŦ ǎƻƳŜ ƻŦ ǘƘŜ ŎŜƴǎǳǎ ǘǊŀŎǘǎΤ ŀǊŜŀ ŎŀƭŎǳƭŀǘƛƻƴǎ ǊŜǘǳǊƴŜŘ άлέ ǾŀƭǳŜǎ ǿƘŜƴ ŎŀƭŎǳƭŀǘŜŘ ƛƴ 

square miles.  

 

hƴŎŜ ōƻǘƘ ŀǊŜŀǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΣ ǘƘŜ ǘŀōƭŜǎ ǿŜǊŜ άWƻƛƴŜŘέ ǎƻ ŀƭƭ Řŀǘŀ ŀǘǘǊƛōǳǘŜǎ ǿŜǊŜ ǾƛǎƛōƭŜ in 

one table. To finish the calculations, the joined table was converted into an Excel Spreadsheet 

ǳǎƛƴƎ ǘƘŜ ά¢ŀōƭŜ ǘƻ 9ȄŎŜƭέ ŎƻƴǾŜǊǎƛƻƴ ǘƻƻƭΦ ²ƛǘƘƛƴ ǘƘŜ 9ȄŎŜƭ {ǇǊŜŀŘǎƘŜŜǘΣ ǳƴƴŜŎŜǎǎŀǊȅ Řŀǘŀ that 

was not relevant to our analysis was deleted to simplify organization. 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 GIS. All 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 standard deviation 

scaling, with more vulnerable populations having high percentages of their area outside of a 

ƘƻǎǇƛǘŀƭ ōǳŦŦŜǊΦ ¢ƘŜ ά9ȄŎŜƭ ǘƻ ¢ŀōƭŜέ ŎƻƴǾŜǊǎƛƻƴ ǘƻƻƭ ǿŀǎ ǳǎŜŘ ǘƻ ōǊƛƴƎ ǘƘŜǎŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ōŀŎƪ 

into GIS for spatial analysis. To show these calculations spatially, the converted Excel table was 

άWƻƛƴŜŘέ ǿƛǘƘ ǘƘŜ ŎŜƴǎǳǎ ǘǊŀŎǘ ƭŀȅŜǊΦ ¢ƘŜ άtǊƻƧŜŎǘέ Řŀǘŀ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭ ǿŀǎ ǳǎŜŘ ŀƎŀƛƴ ǘƻ 

ensure the spatial data matched the output of other layers.  

5.2 Map Creation 

This section provides a full description of the individual and aggregate map creation processes. 

Technical explanations and full GIS processes are included in this section given the importance 

of the scaling and map creation processes to this report and analysis.   

5.2.1 Individual Indicator Maps 

Choropleth maps of each vulnerability indicator were created in ArcGIS, classified by standard 

deviations from the mean. Quintiles were originally considered but decided against for this 

stage of the analysis. Since the quintile method creates classes with an equal number of data 

points, regardless of their similarity or dissimilarity, the 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 to be classified in the same quintile. In contrast, the 
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standard deviation method allows for a consistent measure and display of all indicators, which 

is important in this analysis given that distributions differ between indicators. 

 

Census tract feature classes were created for each individual indicator by joining the indicator 

table to Tract_Metro (a feature class comprised of all census tracts within the seven-county 

metropolitan region). GeoID2 was used as the join field. 

 

For each indicator, the Statistics function in ArcGIS was used to calculate regional mean and 

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

¢ŀōƭŜ п ŀōƻǾŜΣ ǳƴŘŜǊ ǘƘŜ ŦƛŜƭŘ άDL{ ǘŀōƭŜ ŀǘǘǊƛōǳǘŜ ŎƻŘŜ.έ In the case of Asthma and COPD 

hospitalizŀǘƛƻƴǎΣ ǘƘŜ ά/ƻǳƴǘέ ŦƛŜƭŘ ǿŀǎ ǳǎŜŘ ƛƴ ǇƭŀŎŜ ƻŦ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŦƛŜƭŘΦ CƛŜƭŘǎ ǿŜǊŜ ŀŘŘŜŘ 

to each table for the mean, standard deviation (SD), and RasterValue. 

 

Next, the z-score of each tract was calculated using the formula [ z = (x-˃ύκˋ ], where x is the 

ǘǊŀŎǘΩǎ ǇŜǊŎŜƴǘŀƎŜ ǾŀƭǳŜ όtŜǊŎ5ƛǎŀōƭŜtƻǇ ƛƴ ǘƘŜ ǇƛŎǘǳǊŜ ōŜƭƻǿύΣ  ˃is the regional mean, and ̀ is 

the standard deviation. 

 
Figure 7: Example of Z-Score Calculation 

 
RasterValue was calculated according to Table 5 belowΦ ¢ƘŜ wŀǎǘŜǊ±ŀƭǳŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǘǊŀŎǘΩǎ 
score on a 6-point scale, where 6 indicates a much higher-than-average proportion of the 
vulnerable population in question, and 1 indicates a much lower-than-average proportion. 
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Table 5 Standard Deviation Classification 

Classification Attribute table query RasterValue 

>2 SD below mean Z_score < -2 1 

1-2 SD below mean Z_score >= -2 AND Z_score < -1 2 

<1 SD below mean Z_score >= -1 AND Z_score < 0 3 

<1 SD above mean Z_score >= 0 AND Z_score < 1 4 

1-2 SD above mean Z_score >= 1 AND Z_score < 2 5 

>2 SD above mean Z_Score > 2 6 

 

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

picture for both census tracts and the 7-County Metropolitan Area. It shows how 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 averages. 

 

Each category of variables was given a color-scheme to help differentiate data. Green to red 

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

ŎƻƴƴƻǘŀǘŜŘ ǿƛǘƘ άƎƻƻŘέ ƻǊ άōŀŘέ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦ ²Ŝ Řƻ ƴƻǘ ōŜƭƛŜǾŜ ŀƴȅ ŀǊŜŀ ƛǎ άƎƻƻŘέ ƻǊ άōŀŘέ 

based on population composition and chose color schemes to discourage this connotation. 

5.2.2 Aggregate Vulnerability Maps 

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

here given its central importance 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 files. TƘŜ άtƻƭȅƎƻƴ ǘƻ wŀǎǘŜǊέ 

geoprocessing tool was used for this conversion. 

 

Cell size: 15 meters 

Value field: RasterValue 

Output raster Dataset: Tract_Disability_R 
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Figure 8: Screenshot of GIS Polygon to Raster Conversion Process 

Creating Category Rasters 

Next, the indicator rasters within each category (accessibility, communication, health, and 

social network) were summed using the Raster Calculator tool. !ƴ ŀŘŘƛǘƛƻƴŀƭ άƘǳƳŀƴ 

ǾǳƭƴŜǊŀōƛƭƛǘȅέ ǊŀǎǘŜǊ ǿŀǎ ŀƭǎƻ ŎǊŜŀǘŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ŀƭƭ ǎƛȄ ƘǳƳŀƴ ǾǳƭƴŜǊŀōƛƭƛǘȅ indicators. The 

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

 

aŀǇ !ƭƎŜōǊŀ ŜȄǇǊŜǎǎƛƻƴΥ ά¢ǊŀŎǘψ9ƴƎƭƛǎƘψwέ Ҍ ά¢ǊŀŎǘψtƘƻƴŜψwέ 

Output Raster: Rcalc_Communication 

 
Figure 9: Screenshot of GIS Raster Calculator Process 
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Reclassifying Rasters to a Five-Point Scale 

Then, the Reclassify tool was used to reclassify each category raster by quintiles. While this 

method does cause some loss of precision for the reasons described in section 5.1.1 above, the 

resulting classes were much closer to the standard deviation classes than they were to quintiles 

alone. Our team found that this 5-point scale was necessary to ensure that our aggregate 

vulnerability maps could be easily understood, allowing us to show aggregate heat and flooding 

vulnerability on an intuitive 10-point scale. 

 

Input raster: Rcalc_Social 

Reclass field: Value 

Output raster: Quint_Social 

¢ƻ ŎƭŀǎǎƛŦȅ ōȅ ǉǳƛƴǘƛƭŜǎΥ /ƭƛŎƪ ά/ƭŀǎǎƛŦȅΧέΣ ǎŜǘ άaŜǘƘƻŘέ ǘƻ άvǳŀƴǘƛƭŜέ ŀƴŘ ǎŜǘ ά/ƭŀǎǎŜǎέ ǘƻ рΦ 

 
Figure 10: 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 from 2 through 6). 

Instead, these two rasters were converted to a 5-point scale using the Raster Calculator 

ŜȄǇǊŜǎǎƛƻƴ ώά¢ǊŀŎǘψtƻǾŜǊǘȅψwέ ς мϐ ŀƴŘ ώά¢ǊŀŎǘψwŀŎŜψwέ - 1]. It should be noted that this 
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method causes a minor loss of precision when comparing direct indicator scores to category 

indicators, but has little effect on the final distribution of vulnerability scores. 

 

Create Aggregate Rasters 

The Raster Calculator was used again to create 12 aggregate rasters of heat/flooding and each 

of the six category indicators. Two additional aggregates were also created of heat/flooding and 

human vulnerability (the sum of all six categories). 

 

 
Figure 11: Screenshot of GIS Raster Calculator Process 

Raster to Polygon using Zonal Statistics 

To convert the final rasters back into census tract polygons, our team chose the following 

method instead of the Raster to Polygon Conversion tool in ArcGIS. Since square raster cells 

ŘƻƴΩǘ ƭƛƴŜ ǳǇ ǇŜǊŦŜŎǘƭȅ ǿƛǘƘ ǇƻƭȅƎƻƴ ǘǊŀŎǘ ōƻǳƴŘŀǊƛŜǎΣ ǘhe Conversion tool often creates 

superfluous tiny polygons in the output feature class, which must then be selected and deleted. 

In contrast, the Zonal Statistics method described below avoids this issue entirely while serving 

the same function. This sequence was repeated for all 14 aggregate maps. 

 

1. Use the άZonal Statistics as Tableέ ƎŜƻǇǊƻŎŜǎǎƛƴƎ ǘƻƻƭ to create a table of vulnerability 

scores by tract. The output table will list the vulnerability score of the majority of raster 

ŎŜƭƭǎ ǿƛǘƘƛƴ ŜŀŎƘ ǘǊŀŎǘΩǎ ōƻǳƴŘŀǊƛŜǎΦ This method was selected because the input rasters 

are already normalized by census tract, meaning that the cell values are generally the 

same within each tract area. The majority statistic allows us to easily discount any cells 

that straddle tract borders and avoid resulting decimal values in the output. 



44 

 

 

Input feature zone data: Tract_Metro 

Zone field: GEOID 

Input value raster: Heat_Health_R 

Output table: Zonal_Heat_Health 

Statistics type: MAJORITY 

 

 
Figure 12: Screenshot of GIS Zonal Statistics Process 

2. Join Zonal_Heat_Health to Tract_Metro using GeoID2 and GeoID as the join fields. 

3. Export the joined feature as 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 

aggregate maps as well as the small multiple maps for each individual human vulnerability 

indicator. 

6.1 Heat and Flooding Basemaps 

6.1.1 Heat Hazard Index Map 

 



46 

 

6.1.2 Surface Flooding Index Map 
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6.2 Human Vulnerability Aggregate Maps 

6.2.1 Human Vulnerability: Aggregate with Extreme Heat Vulnerability 
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6.2.2 Human Vulnerability: Aggregate with Surface Flood Vulnerability 
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6.3 Poverty Indicator 
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6.3.1 Poverty Indicator: Aggregate with Extreme Heat Vulnerability 

 




















































































