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Overview & Background 

This memo is a brief report on our NITC-funded project, “The Effect of Vehicular Waste Heat on 

Personal Heat Exposure,” where I set out to quantify how much the presence of a fleet of idling gasoline-

fueled vehicles influences ambient air temperature (TA) and Wet Bulb Globe Temperature (WBGT). This 

memo also provides a summary of my tasks as a researcher and what insight this research left on my 

education and future career.  

As the world experiences more extreme heat events due to climate change, it is important to identify heat 

resilience strategies to help communities improve their microclimate conditions. Improving our 

knowledge about how the transportation system impacts heat, and how heat impacts humans through 

personal heat exposure, heat risk, and travel behavior can help develop important heat resilience 

strategies. Research has shown that impervious surfaces in the built environment, such as roads and 

parking lots, are a significant contributor to the UHI effect (Mohajerani et al., 2017). Yet the effect of 

vehicles themselves on ground-level TA and personal heat exposure of different types of travelers (such as 

pedestrians, cyclists, or those waiting for transit) and non-travelers (for example fast-food workers or 

traffic flaggers) is poorly documented (Karner et al., 2015). Research by Girgis et al. has documented the 

range of temperature changes caused by idling vehicles, specifically buses. Overall, the presence of idling 

buses increased the surrounding TA from 1.8°F to 7.2°F due to the heat emitted from these idling buses 

and the associated reduction in air velocity. While Girgis et al. addresses the direct effect of large vehicles 

– busses – on TA, it does not identify the effect on WBGT, a common way of identifying how various 

temperatures and external factors such as wind and perspiration feel to an average person. 

Methodology and Results 

Using weather instrumentation and heat-risk metrics developed during a previous study (Keith et al., 

2021), we designed this study to capture the influence of vehicle waste heat on human comfort using an 

original experimental design. This study was conducted in a ground-floor parking garage controlling for 

solar radiant heat and wind velocity to quantify the effect of vehicular waste heat and the presence of a 

fleet of idling gasoline-fueled vehicles on TA and thermal comfort – measured using WBGT. This design 

includes two primary case comparisons on measured heat: (a) vehicles idling versus not idling and (b) the 

presence (vehicle-adjacent) or absence (control) of vehicles. Data collection was conducted on June 4th, 

2022 and a paper discussing the results of this project was submitted to TRB on August 1st, 2022. Data 

were collected using nine Kestrel 5400 devices located throughout the ground floor of the parking garage 

to document the changes in heat exposure at various levels.  
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Our results from this experiment show that the presence of idling vehicles influences both TA and WBGT, 

even after accounting for the naturally occurring warming temperature trends associated with an early 

summer morning. We found that the TA recorded near the idling vehicles increased at a rate of 0.054°F 

per minute (p-value < 0.001), a roughly 54 percent higher rate than background morning temperature 

trends, which increased at a rate of 0.035°F per minute (p-value < 0.001). In the future, we would like to 

explore the relationship between idling vehicles, WBGT, and the cool-off rate once vehicles are no longer 

idling. These findings suggest that proximity to idling vehicles can influence personal heat exposure on 

the pedestrian-scale. In our manuscript accepted for presentation, we further discuss the implications for 

practice and future research.  

 

A thermal image of the Idling Vehicles Studies depicting radiant heat (°F). 

My Contributions 

As a researcher, I developed the experimental design used in this project, collected data using the 

experimental design, and then discovered the best ways to analyze the data we collected. My initial task 

was to look at our previous experiment examining personal heat exposure for volunteers and workers at a 

COVID-19 Vaccine PODs, and to identify ways to minimize external influence on measured heat, such as 

wind velocity and solar radiant heat. After identifying multiple design choices and making layouts for the 

placement of the Kestrel 5400 devices, I presented some of these options to my mentors and then 

finalized an initial plan. After coming up with a plan, I then selected a site, figuring out specific details 

about where we would place each Kestrel - especially ones that recorded wind direction in addition to 

WBGT, wind speed, and TA - and where the vehicle fleet would be placed. Once the plan was set, I led 
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the data collection, which involved coordinating the volunteers and location, confirming permission to 

access the site and cordon off our study area, creating and testing data collection and documentation 

forms, setting up Kestrel devices, timing vehicle turn-off and turn-on, and collecting surface temperature 

data. After data collection, I created and modified an R-script to upload the collected data, clean it, and 

analyze it at the one-minute interval by using an ordinary least-mean square (OLS) linear regression. 

Finally, I led a paper documenting these results with my mentors and submitted the finalized document to 

TRR.  

Reflection 

Throughout this project, I refined my data analysis skills in R, learned new methods of statistical analysis, 

and wrote a polished research paper with the help of my mentors. Leading this project gave me my first 

opportunity to design, implement, analyze, and report research. As a first-generation college student, I 

was not aware of academia as a field or what it was like to be involved in academic research. Through 

this project, I have improved my research skills and can understand academic language at a much higher 

level. In addition, my technical writing skills have improved, especially after reading multiple academic 

research papers while doing a literature review, and while going through the peer review process with my 

mentors as we wrote the TRR research paper for this project. The NITC Diversity Grant gave me an 

opportunity to understand what academia involves and the chance to publish a research paper with my 

work attached.  
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