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For many years urban planners have attempted to design buildings 
and city infrastructure to be more environmentally sustainable. 
Trees, vegetative roofing, and other green infrastructure have the 
potential to reduce heat load in urban environments and lower power 
consumption required for heating and cooling buildings. Certain 
building materials, shapes, and urban layouts can mitigate trapped 
heat and air pollutants. However, the interactions between the 
environment and urban landscapes are complex and difficult to 
quantify. Modeling these interactions can be useful to urban planners 
so that they are able to find optimal locations of vegetation, 
buildings, and other infrastructure. 
 
Our research group is developing QUIC Energy, a software tool that 
models radiative heat transfer in 3D urban environments. Current 
efforts are aimed at incorporating vegetation, as well as interactions 
between air and surfaces using a land surface model [3]. 
 
NVIDIA's OptiX ray tracing engine enables us to design our model 
as a ray tracing algorithm without a focus on image generation. This 
allows the software to benefit from features like material properties, 
acceleration structures, and an inherently parallelizable algorithm. By 
taking advantage of computation on the GPU using OptiX, we are 
able to model urban domains upwards of five square kilometers, 
containing thousands of trees and buildings.  

  INTRODUCTION 
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Sky view factor values of a 5 km2 model of Salt Lake City with over 2000 buildings. 

Effects of the absorption of solar irradiation by vegetation on building surface temperature. 

  PROGRAM OVERVIEW   VALIDATION 
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θ: Solar zenith angle 
LAD: Leaf Area Density; the surface area of leaves  per unit volume of vegetation 
G(θ): Projection of leaves in the direction of propagation 
τ: Transmissivity; the ratio of flux on the ground to incoming flux 

The initial vegetation 
model was validated using 
field data reported by 
Constabel [1]. 
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QUIC Energy is part of the GEnUSiS Project.  For more information, visit  
http://envsim.d.umn.edu/ 
A  special thanks to Scot Halverson for his work on QUIC Energy. 
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33° 0.92 0.55 0.161 0.17 33° 1.06 0.50 0.077 0.04 

51° 0.92 0.54 0.194 0.19 51° 1.06 0.50 0.108 0.07 

65° 0.92 0.45 0.260 0.34 65° 1.06 0.50 0.124 0.12 
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USER INTERFACE 

A user selects a patch in interactive 
mode and plots its temperature over 
a diurnal cycle using QUIC Energy. 

A user simulates a diurnal cycle using QUIC Energy 
in headless mode and loads the output into 
MATLAB.  


