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Research Goals
� Understand the physical dynamics of microclimate in

desert environments through meteorological
observations, thermography, and modeling

� Explain microclimatic patterns at various spatial and
temporal scales

� Investigate how microclimate dynamics affect thermal
perceptions and comfort

Research Questions
� How does microclimate vary with land cover, upwind fetch, and shade at different times of day and seasonally in an

urban desert environment?

� Which land cover and shade combinations (trees and engineered canopies) are most beneficial for thermal comfort and

why?

� How does land cover patch size and composition impact the spatial and temporal distribution of microclimates under

various upwind speeds at different times of day and year?

Merit
A comprehensive understanding of microclimate dynamics:

� will inform public policy decision-making to design more
comfortable and sustainable urban environments

� will foster the development of science-based adaptation
solutions to urban climate challenges in desert cities

North Desert Village:
Trees, Shade, and Comfort [1]

Assessment of diurnal microclimate and thermal benefits
of tree canopy shade based on hourly meteorological

observations, thermographic images, and fisheye
photography

� Hourly surface temperature observations under selected
trees in NDV using a FLIR i3 infrared camera

� 1s microclimate observations (mobile weather station)

� Observation periods:
- 06:00am to 10:00pm on June 21, 2012
- 07:00am to 08:00pm on October 24, 2013

� Average shaded and non-shaded surface temperatures
were extracted from the infrared images using a region
growing algorithm

� Calculated Mean Radiant Temperature (MRT), Predicted
Mean Vote (PMV), Standard Equivalent Temperature
(SET), Physiological Equivalent Temperature (PET), and
Universal Thermal Comfort Index (UTCI) with Rayman,
using 180 fisheye photos and microclimate°
observations

Physiologically Equivalent Temperature (PET) for a woman (65kg, 1.60m,
35 years, t-shirt and skirt, standing) under a tree and in the open[ ] [x]•

ENVI-met input areas for 10 random patch shuffles , 4x4 patches, 51 x 51
grid cells per patch (patch size 255m x 255m)

Location of weather
stations/ENVI-met receptors

ENVI-met simulation of 2m air
temperatures, June 18, 2012, 6am

Power Ranch:
Tree and Shade Transect

Analysis of microclimate under trees and engineered
canopy in comparison to non-shaded land covers using a

matrix of select surface types and tree species

� Neighborhood transects with 42 observational stops at
various tree species and surface type combinations

� Summer and fall transect runs:
- June 18, 2013, every 3 hours, 07:00am to 10:00pm
- June 20, 2013 at 03:00am
- October 30, 2013, every 3 hours, 08:00am to 08:00pm

� 1s microclimate observations: surface temperature, air
temperature (1m/2m), relative humidity (1m/2m),
incoming solar radiation, infrared cone (up/down);
measurements at each stop: shade width & length, Wet
Bulb Globe Temperature (WBGT)

� Post-processing includes time-detrending, aggregation
of 1s observations for each stop, and time
transformation (times relative to sunrise and sunset)

Power Ranch:
Transect Visualization [2,3]

Visualization tool to explore the multivariate relationship
between microclimate, land cover, and upwind fetch,

using mobile seasonal microclimate transects of a
residential neighborhood

� Transect data are multivariate, time-varying, spatially
dependent, and can be affected by sensor lags

� Anticipated features of the visualization tool :TraVis
(1) Transect data post-processing, including sensor lag

correction and time-detrending
(2) Display of microclimate observations in spatial

context for interactive exploration
(3) Fetch area calculation for each observation based on

wind speed, direction, and sensor height
(4) Multivariate statistics for transect data analysis in

relation to land cover
(5) Data clustering and 3D visualization using glyphs

� A first prototype shows microclimate variables as color-
coded wall, following the transect route on a land cover
map; descriptive statistics of select variables can be
displayed

� Dataset for visualization prototype: Power Ranch
neighborhood transects from 2011 to 2012 at various
times of day and year

Power Ranch:
ENVI-met Patch Shuffle

Analysis of microclimate variability at various upwind
speeds, times of day and year for different land cover

compositions and patch sizes

� ENVI-met microclimate simulations for 10 scenarios of
randomly shuffled land cover patches at 5 different
patch sizes each

� Patch sizes:
4 patches at 510m, 16 patches at 255m, 64 patches at
125m, 256 patches at 60m, 1024 patches at 30m

� Meteorological scenarios:
June 18, 2012 and December 24, 2011
- 05:00am to 07:00am (easterly wind)
- 11:00am to 01:00pm (midday, includes solar noon)
- 05:00pm to 09:00pm (westerly wind)

� ENVI-met is parameterized using 333m resolution WRF
output data; results are validated using observations
from mobile weather stations in Power Ranch backyards
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Chinese Elm, NDV mesic neighborhood, June 21, 2012

180 fisheye photo       photo, 11am           infrared, 11am         infrared, 7pm°

asphalt concrete grass rock sand

fan palm - x x x -

palo verde x x x x -

mesquite x x x x -

willow acacia x x x x -

cottonwood x x x x -

oak x x x x -

ash x x x x -

cedar x x x x -

artificial shade - x - - -

roof - - - - x

full sun x x x x x
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Surface temperatures of shaded land covers compared to sun-exposed[  ]
land covers [  ], June 18, 2013, 9:30am

Transect route and observational
locations

Mobile weather stationTransect visualization prototype

Tree and land cover matrix
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