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SHORT SUMMARY 

Extreme heat events have been growing in intensity and frequency across the world, posing 

growing risks to public health, daily mobility, and community resilience. While behavioral 

adaptation is a critical coping mechanism during these events, the understanding of how prior 

experience shapes future adaptation choices is limited. This study addresses this by examining 

how the severity of past heat events influences anticipated future activity-travel choices. Using a 

nationwide survey data from the U.S., two multivariate econometric model systems are estimated 

– one for mobility choices and one for activity participation. Results reveal that perceived severity 

of prior extreme heat events directly affects anticipated behavioral adjustments, with individuals 

learning from experience to reduce heat exposure through decreased transit use, increased car use, 

staying home, and greater participation in indoor activities. It also found that vulnerable groups 

perceive heat impacts more intensely yet exhibit limited adaptation capacity, underscoring the 

need for targeted interventions. 
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1. INTRODUCTION 

The world is experiencing extreme weather events with greater intensity and frequency. The fre-

quency of heat waves has increased dramatically from an average of two incidents per year during 

the 1960s to an average of six per year during the 2010s and 2020s in major US cities (U.S. EPA, 

2025), with profound consequences for community wellbeing. While technological and urban 

design solutions such as air conditioning and increased tree cover can help mitigate extreme heat 

impacts, they are not always under the control of the individual. Behavioral adaptation – changes 

in activity-mobility choices and adjustments to daily routines – may have to be executed quickly 

to mitigate the impacts of extreme heat. 

 

Considerable research attention has been paid to the deleterious effects of extreme heat (Hayden 

et al., 2017), behavioral adaptation mechanisms (Bauer, 2025; Zhao et al., 2023; Basu et al., 
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2024), heat exposure experienced by different population segments (Hoehne et al., 2018), and the 

potential effectiveness of alternative heat adaptation strategies (Vargas et al., 2023). Mobility 

patterns show systematic behavioral adjustments, with overall mobility decreasing by up to 10 

percent on hot days and 20 percent during hot afternoons (Renninger and Cabrera-Arnau, 2025). 

Transportation choices reveal complex adaptation strategies, with extreme heat increasing private 

vehicle use and reducing public transit and active transportation use (Batur et al., 2024; Bocker 

et al., 2016). Research has also shown that behavioral adaptations are non-uniform, with certain 

population groups, such as low-income households, often relying on immediate modifications 

that prove inadequate for sustained heat protection due to insufficient access to cooling resources 

(Batur et al., 2024). 

 

Despite the vast body of research dedicated to understanding the impacts of, and mitigation strat-

egies for, extreme heat events, there are no studies that systematically examine how prior experi-

ences with extreme heat events (learning through experience) shape future behavioral adaptation 

choices. This represents a significant gap in understanding how the intensity of past heat impacts 

– ranging from minimal discomfort to severe health, economic, or daily life disruptions – influ-

ences subsequent adaptive decision-making. This gap in understanding how the severity and ex-

perience of prior heat events drive learning processes and adjustments in behavioral response 

makes it difficult to predict how individuals might modify their behaviors in response to increas-

ingly severe heat events in the future. In the absence of this predictive capacity, it is difficult to 

proactively design effective interventions, align community resources, and develop targeted 

awareness efforts that promote optimal personal resilience and adaptation strategies across differ-

ent contexts – particularly within transportation systems. 

 

This study focuses, therefore, on addressing this fundamental gap by investigating how the sever-

ity of impacts of past heat events influences future decisions regarding behavioral adjustments to 

extremely hot temperatures, with a specific focus on travel choices and activity modifications. By 

identifying how different levels of prior heat event severity (from minimal to extreme) shape 

specific adaptive behaviors, this research provides insights for predicting individual heat response 

patterns in the future. The findings are intended to inform the development and design of targeted 

interventions and community resources that would best protect people from extreme heat.  

DATA 

The data used in this study are derived from the Community Adaptation and Resilience to Ex-

tremes (CARE) survey conducted from August 2024 through February 2025. The sample con-

sisted of adults residing in the United States, with oversampling in the Greater Phoenix metropol-

itan region and the Greater Seattle area. The survey gathered detailed socio-economic and demo-

graphic data, attitudinal information, and accounts of past experiences with extreme events and 

anticipated behavioral responses to future events. A total of 5,082 responses were obtained 

through the Qualtrics platform via a commercial online panel. 

 

A random subset of those who reported ever experiencing extreme heat was asked follow-up 

questions about the impact of their most recent event and how they would adjust their activity-

travel patterns if it were to occur again. After removing cases due to inconsistent responses from 

this random subsample, the analytical sample comprised 2,648 respondents. 

 

The survey asked respondents to rate the severity of impact of their most recent extreme heat 

event on their daily life on a five-point ordinal scale (not severe at all to extremely severe). A 

subset of these respondents was then asked how their activity-travel patterns would change (less, 
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same, or more) for a future similar event across eight behavioral dimensions: car use, public transit 

use, staying at home, dine-in/takeout, meal delivery, working from home, working from the of-

fice, and going about business as usual. Figure 1 presents the distributions of these endogenous 

outcome variables. It is worth noting that for most behavioral dimensions, a substantial share of 

respondents anticipate increasing their use of sheltered options – such as car use, staying home, 

and meal delivery – while transit use and going about business as usual show marked tendencies 

toward reduction, providing early descriptive evidence consistent with the modeling results pre-

sented later. 

 

 
Figure 1. Distribution of Main Outcome Variables (N=2,648) | (*) Asked Only to Workers 

The survey also included a battery of attitudinal statements used to develop three stochastic latent 

attitudinal constructs (Figure 2). The first, Social Interaction Propensity, captures the extent to 

which individuals enjoy meeting people unexpectedly, feel energized in group settings, and reg-

ularly participate in community activities. The second, Community Support Capacity, reflects 

perceptions of community cohesion during extreme events – including beliefs about community 

solidarity, the availability of nearby family or friends for immediate help, and the effectiveness 

of local communication channels. The third, Personal Resilience, is defined by the degree to 

which individuals feel they can personally bounce back quickly from challenging situations and 

are knowledgeable about the steps needed to ensure their safety during extreme events. These 

constructs are jointly estimated with the outcome variables, allowing them to simultaneously 

shape perceived severity and anticipated behavioral responses while accounting for otherwise 

unexplained correlations across outcomes. 
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Figure 2. Agreement with Attitudinal Indicators Defining Latent Constructs (N=2,648) 

2. METHODOLOGY 

Two separate multivariate econometric model systems are estimated, one focusing on travel mode 

choices and the other on activity participation changes. In each model, the perceived severity of 

the last extreme heat event is treated as an endogenous variable jointly modeled with the antici-

pated behavioral responses, accounting for the simultaneity of experience and adaptation. Given 

their structural similarity, a simplified schematic of both models is presented in a single figure 

(Figure 3). 

 

The models are formulated and estimated within the Generalized Heterogeneous Data Model 

(GHDM) framework developed by Bhat (2015). The GHDM accommodates mixed types of de-

pendent variables (ordered and binary), stochastic latent constructs with loadings on attitudinal 

indicators, and embedded error correlation structures that engender correlations among outcome 

variables. Interested readers are referred to Bhat (2015) and Bhat and Mondal (2022) for a com-

plete treatment of the GHDM formulation.  
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Figure 3. Model Framework: (i) Travel Choices; (ii) Activity Choices  

3. RESULTS 

Both model systems yield estimation results that are behaviorally intuitive and meaningful. 

Across the two models, socio-economic and demographic variables, the three latent constructs, 

and the endogenous severity variable all produce effects that are consistent with a priori expecta-

tions and with the broader literature on heat adaptations and activity-travel behaviors. For in-

stance, higher social interaction propensity is associated with greater perceived severity and a 

tendency to increase car use and dine out – reflecting the behavioral pull of social engagement 

even under adverse conditions. Higher personal resilience is associated with lower perceived se-

verity and a greater likelihood of going about business as usual, while higher community support 

capacity mitigates severity perceptions, particularly among older adults. Due to space limitations, 

full estimation results are not presented here. 

 

Overall, the model estimation results reveal important patterns of heterogeneity across socio-de-

mographic groups. Individuals with higher perceived severity – disproportionately low-income 

households, zero-car households, those with travel-limiting conditions, outdoor workers, and 

younger individuals – are precisely those who face the greatest structural constraints on behav-

ioral adaptation. Low-income individuals, for instance, perceive a higher level of impact severity 

from extreme heat but are less likely to increase car use or work from home, reflecting limited 

access to vehicles and occupations with telework flexibilities. Zero-car households similarly per-

ceive higher severity and plan to increase transit use and stay home more, but these responses are 

constrained by the very absence of a car. Outdoor workers anticipate increasing transit use during 

future heat events, suggesting that transit may function as a shelter for this group in the absence 

of other cooling options. In contrast, individuals with air conditioning at home, higher incomes, 

and personal resilience scores show lower perceived severity and greater adaptive capacity – ev-

idenced by higher likelihoods of working from home, using meal delivery services, and going 

about business as usual when faced with a future heat event. 

 

To communicate the substantive magnitude of the effects of prior experience on behavioral adap-

tation, Average Treatment Effects (ATEs) are computed following Bhat and Eluru (2009). ATEs 

measure the difference in average outcomes between a treatment group and a control (baseline) 
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group. In this study, the treatment represents a transition in perceived severity of the most recent 

extreme heat event experienced by an individual, from a baseline level of low severity (not at all 

severe or slightly severe) to a treatment level of high severity (moderately, very, or extremely 

severe). The resulting ATEs quantify the change in the proportion of individuals engaging in 

specific travel or activity behaviors due to this shift in perceived severity. Essentially, ATEs re-

flect the average causal effect of a treatment on an outcome variable, measured as the difference 

between what would happen with and without the treatment.  

 

For computational convenience and ease of interpretation, the original ordered outcome variables 

in both models were transformed into binary variables. For the three-level ordered response var-

iables (i.e., travel and activity engagement variables), the binary response groups are “more” and 

“same or less”. For the five-level ordinal variable, Go About Business as Usual, responses were 

grouped into “likely” (“very likely” and “somewhat likely”) and “unlikely” (“very unlikely”, 

“somewhat unlikely”, and “neutral”).  

 

Figure 4 presents the computed ATEs and Percent Average Treatment Effects (PATEs) for each 

behavioral outcome. Outcomes are organized into two groups – travel mode choices and activity 

engagement – and the bars represent the estimated average change in probability of selecting the 

"more" response category relative to a baseline of low-severity experience (for travel and activity 

outcomes), or the "likely" response category (for going about business as usual). 

 

 
Figure 4. Average Treatment Effects for Travel and Activity Engagement Due to Change 

in Extreme Heat Event Severity Level | (*) Limited to Worker-only Sample 

 

For travel mode choices, the ATE for car use is 0.02, corresponding to a PATE of 15.8 percent – 

meaning that transitioning from low- to high-severity prior experience increases the share of in-

dividuals anticipating more car use by 15.8 percent relative to the baseline. Stay-at-home behavior 

shows a similar effect. In contrast, transit use shows a negative treatment effect, consistent with 

the notion that transit exposes riders to outdoor heat and is therefore reduced when experience 

severity is high. These results indicate that individuals learn from prior experience to shift toward 

sheltered, car-based modes and to minimize exposure to outdoor environments. 
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For activity participation, the behaviors that exhibit relatively large PATEs include having meals 

delivered (PATE: 24.6%), working from home, and working from office – all of which represent 

indoor, climate-controlled alternatives to outdoor or transit-dependent activities. These findings 

confirm that individuals who have experienced more severe heat events are more inclined to seek 

thermal shelter through their activity choices. The most striking finding concerns going about 

business as usual: the ATE is -0.21 (PATE: -34.1%), indicating that a severe prior experience 

dramatically reduces the likelihood of maintaining habitual routines. Taken together, the ATE 

results paint a consistent picture of experience-driven behavioral learning: higher-severity prior 

experience amplifies adaptive adjustments to routines and increases engagement with thermally 

sheltered alternatives. 

4. CONCLUSIONS 

This study contributes evidence that prior experience with extreme heat serves as a meaningful 

learning mechanism that shapes anticipated behavioral adaptation. Using data from a nationwide 

survey in the U.S., two multivariate econometric model systems are estimated – one for mobility 

choices and one for activity participation. The key finding is that perceived severity of the most 

recent extreme heat event directly and significantly affects anticipated changes in activity-travel 

participation when a future event occurs. Higher-severity prior experience leads individuals to 

seek thermally sheltered options – increasing car use, staying home, shifting to food delivery, and 

working remotely – while reducing transit use and going about business as usual. 

 

The model estimation results revealed a number of disadvantaged groups that are likely to feel 

the deleterious effects of extreme heat events and do not necessarily have the degrees of freedom 

necessary to shelter from the heat. Young individuals who are less experienced in coping with 

extreme events, individuals with mobility limitations, individuals in zero-car households, individ-

uals in low income households, outdoor workers, and lower educated individuals who are likely 

in occupations that do not provide much flexibility, are all found to perceive the effects of extreme 

heat events more intensively and yet do not have the flexibility, resources, awareness, and where-

withal to modify their mode use and activity participation behaviors to mitigate the effects of 

extreme heat events if and when they occur in the future. 

 

The findings suggest that communities need to develop targeted interventions for these vulnerable 

groups. These include subsidized door-to-door air-conditioned transportation for low-income and 

car-free households, subsidized air-conditioning installation or access to cooling centers with 

transportation assistance for those who cannot reach them independently, and subsidized delivery 

services for essential goods during extreme heat events. Models such as those presented in this 

paper can also be used to forecast activity-travel demand by purpose, modality, and mode of 

transportation on extreme heat days so that service levels can be modified accordingly to better 

serve the needs of the community. 
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