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“Resilience is the 
capacity for 
communities, 
institutions, and 
individuals to 
respond and adapt to 
shocks and long-term 
stresses which can 
occur broadly to 
society, economic 
systems, and the 
built environment.”

   
 

Community Resilience



Share.
Discover.
Solve.



Knowledge Exchange for Resilience Scholars



Knowledge Exchange for 
Resilience Fellows



Knowledge Exchange for Resilience Council



Knowledge Exchange for Resilience Staff



The Resilience Equation

    Exposure x  Vulnerability
      Risk (Shock) =
     Adaptive  x Social
     Capacity      Cohesion

F



§ IDENTIFY VULNERABILITIES, 
assets and current response 
mechanisms proactively;

§ collect, liberate, analyze, visualize, 
create and communicate knowledge 
from VAST DIVERSE DATA;

§ MOBILIZE SOLUTIONS within a 
multi-sector network of 
collaborators capable of investing 
and responding;

§ promote allocation of human and 
financial resources for SYSTEM 
IMPACT & TRANSFORMATION.

Approach
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Phoenix Monthly Minimum Temperature 1900-2020, by month

Credit: Dr. Sarbeswar Praharaj, ASU Knowledge Exchange for Resilience; Source: Office of the Arizona State Climatologist
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2019 - 2022

• 82 Organizations
• 7 ASU Units
• 211 Resident Surveys
• 32 Narrative Interviews
• 50 Thermal Kits
• 85 Days Heat Monitoring
• Exposure Cluster Analysis
• 19 Building Audits
• GWRA & Spatial Analytics
• Systems Mapping Exercises
• 3D Park Design Modeling
• Engineering Assessments
• Cost-Benefit Study
• Legal & Policy Review
• Documentary



Credits: ASU KER, especially thanks to Carlos Aguiar Hernandez



survivorship 
bias



Total Housing Stock in 
Maricopa County

Despite that 5% of housing is mobile 
homes, trailer residents make up 
about 40% of indoor 
heat related deaths



Age & Income



Credit: Patricia Solís, PhD, KER SGSUP; ACS Community Analyst, Maricopa County Public Health Department

While 0.6 and 6.3 percent of Maricopa County residents 
are Native American and Black, respectively, they make 
up 3 and 11 percent of indoor heat associated deaths 

County Population  Indoor Deaths     Rate of Indoor Deaths 
in Trailers/Mobile Homes



2X
as likely to not

 be able to pay for
electriciy

Mobile home residents 
who perished were twice 
as likely to not have AC 
present, and those who 
did, were three times 
more likely to not have 
electricity turned on due 
to utility costs
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2,000+ building features using HOT Tasking 
Manager, clarification for mobile homes 
attribute convention on OpenStreetMap 
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1,194
mappers 
engaged

34 
of 44

pilot set 
tasks completed
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703 students in 2 study areas yielded 9 volunteers 
enlisting 61 housesholds



Credit: Patricia Solís, PhD, ASU KER, SGSUP

Exposure in trailer parks and mobile units is high



MAXIMUM RECORDED 
TEMPERATURE INDOORS
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PERSONA 1 (SLIM-HIGH CLUSTER)

44
median age

median household size 3.5

80% central AC

household income

73% female

• Majority of respondents were 
in South Phoenix (87%)

• 57% of reported household 
income fell between $25,000-
$49,000

• Answered highest REPORTED 
average indoor thermostat 
temperature of the clusters : 
78.2◦F



PERSONA 2 (WIDE-HIGH CLUSTER)
• All respondents were in Mesa
• 100% of respondents did not use 

central air conditioning
• Reported total household income 

was under $25,000
• Had the highest RECORDED 

average indoor temperature of the 
four clusters at 88.9◦F and highest 
RECORDED maximum indoor 
temperature at 105.8◦F

53
median age

50% female

median household size 2.5

0% central AC

household income







We estimate there are 290,517 mobile homes in the 
state of Arizona, or 10% of state housing stock.

Extending age of unit patterns for the county to the 
state of Arizona, there may be approximately 

175,000 

Arizona households living in mobile 
homes needing weatherization 
support
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Technical Solutions
Natural Solutions
Policy-Related Solutions
Social & Community Programs
Innovative Financial Products & Opportunities



Theoretical Framework



Credits: Solís

Testing Framework



Design Criteria for Heat Solutions in Mobile Homes
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Total (∑n) Weighting Factor (W)

Price 1.0 0.5 0.33 0.25 0.2 0.25 0.33 0.5 1.0 4.37 0.040

Ease of Installation 2.0 1.0 0.67 0.5 0.4 0.5 0.67 1.0 2.0 8.73 0.081

Maintenance 3.0 0.6 1.0 0.75 0.6 0.75 1.0 1.5 3.0 12.20 0.113

Usability 4.0 2.0 1.33 1.0 0.8 1.0 1.33 2.0 4.0 17.47 0.161

Effectiveness 5.0 2.5 1.67 1.25 1.0 1.25 1.67 2.5 5.0 21.83 0.202

Resilience 4.0 2.0 1.33 1.0 0.8 1.0 1.33 2.0 4.0 17.47 0.161

Sustainability 3.0 1.5 1.0 0.75 0.6 0.75 1.0 1.5 3.0 13.10 0.121

Durability 2.0 1.0 0.67 0.5 0.4 0.5 0.67 1.0 2.0 8.73 0.081

Aesthetic 1.0 0.5 0.33 0.25 0.2 0.25 0.33 0.5 1.0 4.37 0.040

Total ( ∑ ) 108.27 1.000

Meta-analysis



Credits: Solís & Varfalameyeva



Household Scale

- Air sealing the home
- New AC units
- Skirting
- Shade Awnings
- Window coverings
- Roofing tech
- LED lights
- Reflective White Coating
- Personal heat warning 

systems



Park Level

- Trees & Green walls
- Outdoor Misters
- Shade sails
- Replacing pavement & asphalt 

with soil & plants
- Upgrade utility connections
- Solar canopies
- Cooling centers within park
- Early detection warning 

systems to notify that home 
gets too hot



City Level

- Upgrade utility connections
- Solar communities
- Cooling centers & resilience hubs 

within city
- Subsidized transportation to 

access cooling centers
- Wellness checks

- Zoning and incentives
- Improve the building envelope 

program
- Outreach & education programs
- Update utility assistance programs
- Utility conversion program



State and Region
- Stop bans on cooling technology
- Review economic programs and financial mechanisms like tax 

credits
- Energy efficiency standards and requirements
- Legislation to institute utility shutoff protection
- Support for affordable housing in greater supply
- Include mobile homes in federal hedge fund protection bills
- Better data collection, analysis, monitoring



Credits: Solís & Varfalameyeva
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bit.ly/heatmobilehomes
“It is an honor to be part of this work. We know that 
cooperation is key to bringing these critical issues to 
decision makers so that [residents] are given what they 
desperately need to cope with heat.”

John Hoppin, Mobile Home Resident, AAMHO



Mobilizing a multi-scale solutions set

8,528
mobile home 

residents
42

research 
students

82
partner 

organizations

$3.6B 
USD
Federal L

IHEAP 
budget
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• Ineligibility or opted-out for 
current support programs

• Landlord rental policies that 
prohibit cooling technology (e.g. 
front AC, shade sails)

• Mixed ownership means complex 
set of stakeholders who must be 
engaged

• Varied utilities infrastructure

• Difficult to get data we need



Where do we go from here?
• Olson (1965), “logic of collective action” 
• concludes that diffuse interests are too difficult to organize 
• too weak to influence outcomes 

• Trumball (2012), “legitimacy coalition” 
• temporary unlikely alliances among decision-makers 
• identify and promote certain collective, discrete actions that would otherwise be 

too difficult or lack influence

• Solís, Vanos & Forbis (2016), seeking a spatial congruence to better link 
“decision-accountability”



Community Asset Approach



Systems Change



Co-benefits



“What is 
the cost 
of doing 
nothing?”



20 M
US residents 

in mobile 
home

2/3
of US 

population 
will be at risk





Community Resilience
“…it generally implies that cities 
accept disruptions and change as 
inevitable… [but resilience] must go 
beyond an apolitical focus on 
infrastructure and potential shocks to 
one that explicitly engages with the 
multiple dimensions of equity”

Meerow et al, 2018
Birch & Brand, 2019

Hardy et al, 2017
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