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ABSTRACT:

Extreme heat kills more people in the United States than any other natural disaster (BERKO 2010). These effects are more pronounced 
in urban environments, where buildings, roads, and other infrastructure absorb and re-emit the sun’s heat, otherwise known as urban 
heat island effect. The increasing frequency and intensity of extreme heat in urban environments pose significant public health risks, 
disproportionately impacting underserved populations. While heat action plans have gained traction as a process for mitigating the 
unequal distribution of intense surface temperatures, there is a need for more granular data to guide site-scale landscape planning 
decisions. The prevailing method of measuring Land Surface Temperature (LST) using United States Geological Survey (USGS) remote 
sensing data can only reach a resolution of 30m x 30m, and often overlooks the lived reality of the impacts of extreme heat. This study 
uses UAV thermography and handheld thermal imagery to visualize the hyper-localized impacts of the urban heat island effect by 
applying these technologies through a comparative study of three urban corridors in Omaha, Nebraska: 75 North, Regency, and the 
Gene Leahy Mall. Not only can thermo-visualization technologies improve landscape decision making, it can improve the 
transdisciplinary processes that contribute to consensus building by making the distribution of extreme heat more tangible. 
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Extreme heat is one of the leading causes of natural 
disaster-related deaths in the United States, and the 

problem is expected to worsen as the effects of 
climate change intensify (Berko, 2014).
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Urban environments are particularly vulnerable to the 
heat, with hotter temperatures in areas with higher 
concentrations of concrete and asphalt (EPA, 2022). 
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Today, researchers think of the heat island as more of 
an archipelago, where hot spots are heterogeneously 
distributed throughout a city in locations with higher 

concentrations of concrete and asphalt, whereas cooler 
temperatures can be found around trees, parks, or 

other open space (Borunda, 2021).
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Underserved populations are disproportionately affected by 
heat waves, and the growing frequency and intensity of 

extreme heat pose a significant public health threat.

IMAGE CREDIT: SAM BLOCH, “Shade in the Skid Row neighborhood, Downtown Los Angeles.”



In a study of 108 urban areas nationwide, the formerly 
redlined neighborhoods of nearly every city studied were 

hotter than the non-redlined neighborhoods, some by 
nearly 13 degrees Fahrenheit (Hoffman, 2020).
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“Shade is often understood as a luxury amenity. But as 
deadly heatwaves become commonplace, we have to see it 

as a civic resource shared by all.” (Bloch, 2019)
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Mitigating the unequal distribution of intense surface 
temperatures requires a multifaceted approach, 

including policy, public health, urban planning, and 
nature-based solutions.
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Heat Action Planning Process methodology adapted from Semenza, et al. (2007)



Cutter et al., 2003; Change, I. P. O. C, 2001 Crichton, 1999; Field and Barros, 2014 Cheng et. al., 2021
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Surface Temp.



Surface Temp.

The U.S. Geological Survey (USGS) provides georeferenced Landsat surface 
temperature maps available at a 30m x 30m spatial resolution. These data work well at 
a large scale (county or state), but lack the fidelity and resolution required to make 
targeted site-based landscape interventions. 
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• UAV: (drones) are also referred to as UAS or sUAS. They basically mean the same 
thing.

• 3D photogrammetry: overlapping 2D imagery to process surface models and orthos. 
• Orthomosaic / orthoimagery: the ‘stitching together’ of georeferenced 2D images.
• RTK (Real Time Kinematic): GPS capability to produce replicate saved flightpaths 

within 1cm on X,Y,Z.
• FAA Remote Pilot, Part 107 Regulations: this “drone license” is required to conduct 

flights as a professional service for compensation.
• Controlled Airspace: What is it? Why does it matter?

UAV NOMENCLATURE



Source: FAA

FAA AIRSPACE



DJI Matrice 210 RTK Zenmuse XT2 Thermal Camera
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+/- 23% Mature Tree Canopy & Planters [Within Project Limits] 
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POST-PROCESSING UAV THERMAL IMAGING & PHOTOGRAMMETRY



POST-PROCESSING UAV THERMAL IMAGING & PHOTOGRAMMETRY





























75 NORTH

COMMUNITY GARDEN STREET INTERSECTION INTERSTATE OVERPASS



REGENCY

PLAYGROUND BOULEVARD STREET INTERSECTION



GENE LEAHY MALL

PLAYGROUND PLAZA/HARDSCAPE STREETSCAPE
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UAV THERMOGRAPHY

• UAV operations required on separate days to scan multiple 
corridors.

• Challenges faced due to weather variability.

• Flight days had similar but not identical temperature and UV index, 
potentially affecting surface temperature measurements.

• Time constraints limited scanning to a 1/2 mile by 1/8 mile corridor.

• Selected area for maximum variability in land use conditions.

• Small sample size means macro-scale data should not be 
generalized broadly unless land use is similarly configured.

• Area measurements by thermal classes suggest influence by 
surrounding urban conditions.

• 75 North corridor: 53% of surfaces above 90°F, higher than 
Regency's 39%, attributed to less canopy coverage.

• Gene Leahy Mall corridor: 72% of area above 90°F, likely due 
to highly urbanized context.

• UAV thermography can produce RGB and infrared digital surface 
models.

• Drone flights can be optimized for 3D thermography on oblique 
surfaces.

• Future studies should further examine the efficacy and applicability 
of these models.



GROUND THERMOGRAPHY

• Ground temperature fluctuations are influenced by changing 
weather conditions like cloud cover.

• Fluctuations stay within a reasonable standard deviation compared 
to infrared imagery.

• Time and weather constraints affect field work.

• A heat map from regularly spaced ground temperature 
measurements could validate UAV thermography data.

• Ground measurements were useful for spot checking aerial 
measurements.

• Future studies could benefit from more robust "ground-truthing."



Source: University of Hawaii at Manoa/Benedicte 
Dousset
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