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Case study

Introduction

+ As tree planting has become a priority for many cities
around the globe to combat urban heat, the need to
optimize tree placement for maximum cooling benefits
has increased due to limited resources.

+ Yet, modeling neighborhood micro-climate at high
spatial resolution models that simulate air
temperature, wind flow, and radiant fluxes in complex
urban settings is time-consuming and requires
extensive computing power.

Objectives

« Introducing a Python-enhanced hybrid approach for simulating
the diurnal impact of street trees on Mean Radiant Temperature
(MRT) and thermal comfort (Universal Thermal Comfort Index,
UTCI) based on a 3D model in Rhino, EnergyPlus, and Ladybug
components in grasshopper.

« Mapping spatial variations of the MRT by the presented model to
assess the effects of trees in different climates and urban
forms in the cities of Imola, Italy and Tempe, USA.
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Results
The model was tested in two contrasting climates: hot and humid

Imola, Italy, and hot and dry Tempe, Arizona, USA.

Results show that building shade has impressively helped the
Tempe to decrease the MRT, while in Imola, low building density
creates less shaded area and it impacted the MRT in most of the
area.

Spatial variations in MRT on the June 9th, at 3PM at the micro-scale in the cities of Imala, Italy
{left) and Tempe, USA (right)

Conclusion

This model is a cohesive approach that minimizes miscalculation
employing various engines and using the output of one step as input for
the next step in an integrated fashion.
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Model output for Tempe was validated for hot summer days in June 2018
through human bio-meteorological observations at select locations on
Arizona State University's Tempe campus using the MaRTy cart.
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Comparison of Mean Radiant Tamprature in 5 Locatian of the Temps, USA

The hierarchical structure of the proposed model not only enables it to

rcome the issues of previo models regarding modeling thermally
comfortable urban environments, but also makes it faster, more accurate,
and higher in guality by combining various, highly efficient engines into an
integrated set of 3D visualization and mapping methods.
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Validation

Model output for Tempe was validated for hot summer days in June 2018
through human bio-meteorological observations at select locations on
Arizona State University’s Tempe campus using the MaRTy cart.
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Results
The model was tested in two contrasting climates: hot and humid

Imola, Italy, and hot and dry Tempe, Arizona, USA.

Results show that building shade has impressively helped the
Tempe to decrease the MRT, while in Imola, low building density
creates less shaded area and it impacted the MRT in most of the
area.
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' (left) and Tempe, USA (right)
Conclusion

This model is a cohesive approach that minimizes miscalculation by
employing various engines and using the output of one step as input for
the next step in an integrated fashion.

It uses an accurate 3D model of geometric properties of buildings and
trees.

The hierarchical structure of the proposed model not only enables it to
overcome the issues of previous models regarding modeling thermally
comfortable urban environments, but also makes it faster, more accurate,
and higher in quality by combining various, highly efficient engines into an
integrated set of 3D visualization and mapping methods.
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