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I 1.0 LA CES CEU (HSW)

= Link to quiz in the chat + follow-up email

= 1.0 PDH (HSW) issued upon completion of
10-question quiz with a score of at least 75%

"  Retakes allowed

= Certificate will be emailed within 2 weeks



LANDSCAPE ARCHITECTURE FOUNDATION

= 501(c)(3) nonprofit based in Washington, DC

* |nvested over $3 million in research since 1986

=  Awarded over $2 million in scholarships to over
650 students since 1986

and of
Ia N d SCAa pe =  Awarded $440,000 to 31 professionals to

support innovation and leadership since 2017

architects

= Cultivating the Next generation of leaders by
investing in landscape architects




I LAF DEB MITCHELL RESEARCH GRANT

= Deb Mitchell, FASLA + SmithGroup

= Research projects that are relevant and impactful
for the professional practice of landscape
architecture

= 1 award of $25,000

" Principal Investigator must be trained as a
landscape architect

= 12 to 18 months, beginning in summer or fall

" Pre-proposals due December 1



PRESENTERS

Salvador Lindquist Keenan Gibbons, PLA, LEED Green

Assistant Professor Landscape Architect, SmithGroup
University of Nebraska Lecturer, University of Michigan



INTRODUCING THE THERMAL TOOLKIT:
TECHNOLOGIES AND TECHNIQUES FOR VISUALIZING THERMAL DISPARITIES

SALVADOR LINDQUIST, Assistant Professor of Landscape Architecture
University of Nebraska - Lincoln, College of Architecture
slindquist@unl.edu

KEENAN GIBBONS, LEED, PLA Landscape Architect - SmithGroup
Lecturer - University of Michigan
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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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U.S. ANNUAL TEMPERATURE COMPARED TO 20™-CENTURY AVERAGE
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Urban environments are particularly vulnerable to the
heat, with hotter temperatures In areas with higher e
concentrations of concrete and asphalt (EPA, 2022).
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fToday, researchers think of the heat island as more of
an archipelago, wnhere 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 populatlons are disproportionately _a}fected by

heat waves, and the growing frequency and intensity of
extreme heat pose 3 S|gn|ﬁcant pubUc health threat.
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ten understood as a luxury amenity. But as

3 deadly heatwaves become commonplace, we Nave to see It
’ as a civic resource shared by all” (Bloch, 2019)




M|t|gat|ng the unequal d|str|but|on of mtense Surface jf 1 P
temperatures requires a multifaceted approach, 3

iIncluding policy, public health, urban planning, and
nature- based solutions.
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TURN DOWN
THE HEAT

Heat Action Planning Guide

FOR NEIGHBORHOODS OF GREATER PHOENIX

I Creating Urban Heat Solutions in the Valley of the Sun




COLLECTIVE ACTIO N!\I LPARTICIPHTION!

SOLUTIONS

LINKING SOCIAL CﬁPITAL!/‘

I\BONDING SOCIAL CAPACITY!

Heat Action Planning Process methodology adapted from Semenza, et al. (2007)



SOCIO-
ECONOMICS

HAZARD

HV/R
FACTORS

URBAN
ENVIRONMENT

VULNERABILITY

ADAPTIVE
CAPACITY

EXPOSURE

VULNERABILITY

EXPOSURE

Cutter et al., 2003; Change, I. P. 0. C, 2001

Crichton, 1999; Field and Barros, 2014 Cheng et. al., 2021



PAS REPORT 600
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RESILIENCE

Ladd Keith, pHp, and Sara Meerow, PHD




®  Adrienne Arsht-

@Atlan i ouncil Rockefeller Foundation
tic Counc "‘c Resilience Center

One Billion People More Resilient

Heat Act]_on Platform LEARNING MODULES v DOWNLOADS

WELCOME

Welcome to the Heat
Action Platform

Use the Heat Action modules to assess, plan, implement and
evaluate heat resilience project and programs that are appropriate
for your context. Or, try the Policy Tool.

START LEARNING MODULES

WELCOME HOWTOUSE  NEW RESOURCES  NEED MORE HELP?

Who We Are  What We Do

POLICY TOOL

ABOUT wv

LANGUAGE wv

How We Work

Q




Assess

(2 Baseline Assessment
2 Identify Vulnerable Communities

2 Assess Awareness

I




Plan

2 Develop an Education Strategy
2 Explore Adaptation Solutions

(2 Fund and Finance Projects




Implement

. Create a Heat Action Plan
. Implement and Scale

. Monitor and Evaluate
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Ground Cover

Solar Radiation Materials

Design Strategies

Plant Type Tree Percentage

Tree Spacing Tree Arrangement

Number of Publications

30

25

20

15

10

Groundcover Materials Plant types Solar
radiation percent arrangement spacmg

Design Information Studied
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energy
bill

assistance Increase
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incentivize [ increase shade | forestry
public | ‘
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building waste increase |
heat limits . tree canopy, | cool-
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| increase shade |
\ J shade
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ADAPTATION

COMMUNITY

Energy bill assistance

MITIGATION

Establishing urban forestry, tree, and
landscape program

Heat awareness campaign

Providing incentives and awards

Thermal comfort policies

MATERIAL

Shade structures

Permeable pavement

Heat resilient building envelopes

Light pavement/material

EMERGENCY

Chief heat officers

Cool hospital preparedness mandate

Heat emergency response plan

Heat hotlines

ARCHITECTURE

Cool roofs/walls

Building orientation

Exterior building shade

Green building

Public transit services during heat waves

Wellness check programs

INFRASTRUCTURE

Building materials and standards

Building waste heat limits

Green building and energy efficiency
standards and codes

Heat design guidelines

ASSESSMENT

Building energy benchmarking

GREEN
INFRASTRUCTURE

Urban forestry

Tree protection

Parks and open space

Water features

Community gardens

Green roofs

Cool corridors

Catastrophe (CAT) bond

Conduct a heat vulnerability assessment

Design a heat management plan

Heat-resilient environmental impact
assessments

ENERGY

Microgrids

Electric vehicle infrastructure

District cooling

Waste heat reduction

Solar panels




Green Building
Standards & Codes

Energy Bill Establishing Urban- Cool Hospital
Assistance AT Forest Programs Preparedness
D.‘m'l:tl.:n‘ Mandate

sengrtily e hoe ceala

Heat Emergency Building Waste
Response Plan Heat Limits

Deserpsaun:
e puc

i pee
TS e

Graacire o resz swrcewy

o srun-
e e g
nirize lozs f Sofe

beecrptin

e m~« ar

" i i e
P ponta i e i
e et b m.m el v el crng varrer noniie
hev crzozad reogen 2 rar coreseare
A1oTiaiss M1CY Gan FANE P e AR [arm—"
aralec rees 0 vosm < s

cries e ki o

corstacrscion:
iy v ol

vt el s

Tarta 3 aas. o Ak ralue

e Lo of srerces erbel g e Pl
are st ror 3 te
el e Srareerian

Conaderucian

et e oy e 1

aentsane

) AR

et e o

s e T Teptenentation Iepicacntation

1ea: Bt Tetin i

e

e

Public Transit During Heat Design
Heat Waves Guidelines

Frestee trantt o cesting ceveers S

Building Energy
Benchmarking

Heat Awareness
Campaign

Providing Incentives Heat
and Awards Hotlines

i e st sar ot
uce Bieaig ot e
o141 im0

o - conzader
Enlic and e eess G s w5t e sy
£ e

e

raciling ineenives vu ey 1t s
neo AN te Pels Eereti trai o arc
Rerring with Ta

u Sspar oot G
Taveses b aries WAl e
"

somcns sl ap:
Done riuare
ceners P T
sareers s Gnding Samr

-
nare Een e

i the v
ATt aEngy 303 Fimnes

. Nl
[ # risar: inaulc 2 resrde

arpdmentatian Imscantation Benefats Beneite

Darnfatt
-t 8} =
A 4 e e

st ction of 1% o

Conduct a Heat
Vulnerability
Assessment

Thermal Com- Chief Heat Wellness Check Building Material Catastrophe
Officer Programs AR Standards {CAT) Bonds

Deserio-tan: DawcpLion
ages o aratraring nee s atc s et e henda or ST herds are furds
i ko ety &5 o et hen 5 Brede

i e .m-

i
cum viprer b

Gt darstist
I oo ey o B ety

Fiktor Santir o
L Teer corssseracior:

Tl it it ok ]
gt aereal e e ehe o erene o
Gl Do can J wer- Saiera o el cowen i
collzction of boaldar anl aliews T3t che wde tigs-
ard erargy awires nHM ».. Aarc 1r adr e Vi et e Pt Far Wl
e R e

e

o el ,..(.c
SR o

Irplesentotian Bonsiats:

Teg Lonen totion

Fice ne e

nt 3% erergy
ey P AT
o arsar e, 4
T resei

e s st

e
st s




Community
Gardens

Description:
Comverting vocant, non-vegetated lond
into comnunity gardens can provide social

gating loca] temperatures. Soil in garden
Spaces or rataed bess can trap surliont
and hest during wemer nonti

Gonsiderstion:
Community gerdens require bssic dnfra-
structure to operate (.0 water suply)
Snéprovide opportunitas for comunity
Ehgsgement, parencrship, and education.

Tupac
Eiurity bacad gardens hove both atuca-
o and Social macts on 3 comuni-
ty. Produce Fi

5o ueed by impoveriahed nnusznnlds =17

about self-aufficiency snd patience.
Benefits:

polie gt misaions

Soe Jeq

Parks and Open
Space

Descrigtio
Converting vacant, non-vegetated land
into porks ond oper spaces 15 » heat mit-
igation strtegy that cools the surround-
ing tenperature and slso provides socisl
Zocnanefits

considerstion:
Parks can be cspitally dntensive to de-
sign and construct: but offer namy op-
Broperty values and financing solutions.
Parks require ongoing meantensnce.

Increased mmber of parks ond publicly

unity nefbers and o
Benefits:
pitie oot

Sfa &48

Urban Forestry

Descrip
Trees provice coaling through evspotrans-
piration and shading that decres

resIn, and decressing energy costs. The
g0815'of an urban forestry plan is to ook
8t existing tree conopy coverage nd iden-

oy coverage, protect biodiveraity,
provide efficient nainten

consider
Urhan Farestry plans naed to setact native
species et recognize locsl context’s

ing. Urban foreatry and street plans can
e piloted in high priority neightornoods
of neighborhoods undergoing rezonings.

e Ehange i rban canopy catelyeed by

overall safety, confort, maintenance
Casts, and Snorsase property value.
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Taplementst10n:
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Green Roofs

cription:
Green roofs cool the surrounding sar and
reduce building heat through 3 loyer of
vegetation or other plents. Green faofs

There are tao madn types of green roofs
ive and extensive

stion:
Grean. roofa: nust wutFiciont. strosture]

a1 maintensnce. Green roofs are generally
more feseible an cost-effective in new

costs required to anstall and meantein
arean roofs, requirenents to install then
must be carefully considered.

Tapuct:
Incentivized green roofs can_inpact the
comunity dn Giverse ways through area
Cooling, officient enerdy concumption,

d reclaining unused space.

Tree Protection

ription

Rion and replacenent of specific trees
through the building code. The code can
Squire documentstion of exiating Eress
and requiring pemitting or fees for re-

derstion:
This nendste s mest effective in aress
with Righ property turnover rates to pro-
fect existing trees from the change in

stylistic ideals

Tupoct
Tris mandate would inprove the odia &
tress An our comunities resching matu-

rity, even when urben developnent sround
then' 15 constantly chonging. This would
Nelp protect heat-vulnerable comunities

Shrough reducing the heat islend effect
coused by gray infrastructure, ultinately
Greating o more confortable  enviroment

ong streets and trails,

Benefits:

patie o
O [ l=l=}

Public Water Features

ption:

puslic weter features provide cooling and

hydration to people during heot

Sholes inclds mydration stations drink.

ing fountsans, urban rivers, ond recre-
Sonsd water festures.

consierstion

Water Features noy raise humidity. Build
ing water Features is ddeal for aras with

Share relevsnt snfomation.

T
The smplenentation of public water fea—

Gevesd of shae or sir Flow

Benefits:

Electric Vehicle
Infrastructure

Deseription:
Ingtalling and distributing charging ste-
tions thraughout an area can a3d adaption
of ‘electric venicles smong residents.
These stations should be ensily found
within parking lots, near gas stations,
and displayed on GBS nepping platforns.

Considerstion:
The public snd private sector con part-
ner o incresse efficiency ond expand the
reach of efforts to provide electric ve-
hicle chargers.

oct:
8 Snoreasing the nunser snd sensity, of
charging stations within o city, the

hving 5o nprove hekr oratised chmau
through heat. sasnd affect nitigstio
Benefits:

plic st _missions

ceo Sen e0h

Walkability and
Cool Corridors

G ond e infrostructure smedistely

foment.
considerstion:

Tiis i mst spplicale to ne develop-
3 harder to inplenant in exist-

Station 15 Likely to see an incresse

Benefits:

Building envelopes

Descript:
53 s orming buiding enetoses educe

(o9, concrate, tiles, brick, snd stone)

Gonsideratian

can consider inproving insulstion and
airtightness during mejor renovations

Ioreet seneficiories:

2 of Inpac
resuction sng mtsgation

Decrence in bulléing temerstures, Eneray
aavings

Benefits:
oo e et
e QR

nd affordable £V
etwork throughout the 1

Tnplementstion:

celifornia
oprea:

sedieck from prev
veloged ¢ dvien
3 mvm ﬂmﬂ:ng for the community

feiuced greenho

deploying
10536

Tnglementation:

The “Goods Line” project
ustealis is 8

Line wakes- the
into ,m enasticed w).n Saine
t pulates

s oot ang Garben
" Reduction Aot S crest-
urege e evetoment o

Tnplementstion

Thepealth

Buitding. 2

opera ol
Eotion to winim
Tor pein. The bualding’s roo
mate g of over 1ion &

¢ buslging.

Microgrids

pescription:

buring extrene heat vaves, elactric aride
216 ohten pushad to thest Tinits bedause

reliable and renewabile source of energy.

eration:

Kicrogrids need to be naintained reqularly

to protect couipnent. Consider portnering

with €805 to' explore different omership
@ aperations] model:

Tupsct:
This strategy ains to incresse the anaunt
of energy provided by microgrids and the
nunber of busldings served by 5 microgrid.
This WLl effectively reduce the risk of
full city ‘pover shutdoms, ensuring the
1y. During Severe hest events, tris will
Tiat the amount of tine whers air venti-

tion and conditioning Af shut domn.

e
ohe Deh OO

Waste Heat Reduction

riptia
nteibutes to the sraen hen
el ePrect and ma-poen Jarked to over-
S11 waming. Hest punps snd hest recovery
Ghidlars can move hast to different loce-
tions to be spplied to other uses nstesd
of being vented directly onto the street.

Cansiderstion:
Waste hest reduction cen happen through
any of the solutions in this toolkit like
district cooling, weatherization, mechan-
1 cooling, among others.

Twpact:
Reducing the smount of hest wasted by
venting would help save energy consump-
ton costs. As an dncentive stratey, man-
sfscturers ey be gble to scauire Hinding

st rause systems.

senefita:
pse gt it
cen 80 €00

ptio
Doors and windows can be oriented to min.
inize solar heat gsin and dncrease venti-

nsiderstion:
This 46 only spplicable ¢ nan develop

Bualcings

Tupac
Target Beneficiaries: Property awners,
Residants

Phase of Tnpact: ik reduction and mit-
dgation

etrdca: Dacrasse 10 surface temersture,
Enery savings

Benefite:

sont s1ic ont
200 BOQ 8QQ

Cool roofs &
walls

Descriptio
Cool walls and raofs spply trestments to
sudigtng facases o redice the sodar ob-
sorption of o building s walls, sach can
Tedice the urban heat sa1and affe

considerstion
Tood welle are less effective in colder

Rss of ool wails in dense sreas

Tapect:
Torget Beneficiaries:
Property omers, Residents

Phase of Inpac
sk asuction snd mtsgation
Hetri

Eneray. savings by wilding, Indoor sir
fapersturs csuctions, iy of dla-

Conpliant with provision, Gutdoor
nbient sir tapersturs

Benefits:

Exterior build-
ing shade

Deseriptior
Exterior shading block solar exposure and
con Lower bulding tenperstures snd reduce
the ‘need for air conditioning. Exanples
include sunings or window attschments.

considerstion
Shadings can be pemanent or nabile de-
pending on the clinste and constraints.

Impact:
Ioraet seneficisries:
Property omers, Residents
Prase of Inpact

Bk asuetion and mtsgation

Ninber of busldings with shaging. struc-
tures

Benefits:
st bl ot

Light-colored
material

Descriptio
Uight-colored materials and reflective
costings or overlays serve to reflect hest
instead of sbsorbing and retsining it.

ddition to decrassing temperaturas,
these tratnents can also extend the pave.
nent 1ifet:

Cansider
Consider o ses e pavenent, hor
What 4% surfounding the ares to deternine

ective pavenants. sre approprists

 Local technology and prod-
availebiisty ney slso determing in-
plementation cost.

Tapuct:
arget Beneficiaries:

Heat-vulnersble  communities, Property
omera, Residents

Phase of Inpact:

B reauction snd mitigotion

Het

Totel aras repeved

Banefits:
G et
RN e 2QQ

Inglementation:

Tplomentstion:

i gt
wath

ek R

inpr

Buildings ot e
etics s Uiy,
e ponels on

fing with a
facade ond

Aagitsonstly. e sen
el o dnlate the

St

Inglewentation:

ct, oy Gonraion G3
m mm” < nane, Horay
tion ar nareor in Arabi

Ered s mjority of
garden wes 1rrisats
prinaraly turf grasa sn

District cooling

District cooling can replace msmnuteq
cooling systens, resulting in up to

ehanicel cooling.

Consideration:
There are many trade-offs sssociated with
district cooling. Senefits include low-
e energy consumption, shifting caoling
Toads, incressed relisbility, and reduced
gty Costs 0 widiny etesopmnt
District cooling requires high upfront
Capaian couta Lo burki the <nf structore
and 1t nust be dnplenented in high-density
or new const ruction zones to be Financial-

y feasible.

I
Target Beneficiaries:
Property aners, Residents
Phaseof Tnpact:

Risk reduction snd nitigation
Wetrice:

Energy savings

Benefits:
i gast

! ja)

Green building

Green building practices and energy of-
ficiency standards inprove building per-
fomance that reduce Solsr gains, energy

Conaunptian, and urban neat slends.

atian:
o SRR oo S o
Gificotions con provide tpgrade recomen
dations that are appl to 811 buile-

Ih68 nok onky participsting Bu10inge.

Tapect:

Target Beneficiaries:

Property aners, Residents
of Tnpac:

Risk reduction and nitigation

Wetrica:

Womber snd acores or leve
cation for buildings that receive ratings

Benefite:
pitc gt _miasions
= . o SO0 800

Permeable pavement

ription:
pemestie puuement cools Sirfaces 5
Stormater eveporstes snd decrasses the

Sirrounding it temerstura. Pavanents
can be BuIlt with vegetation to be at-
tractive to users. Exmple naterisls in-
Clude: porous asphalt, pervious concrete,
and perneable pover blocks

sideration:
Femestile pevenent vorka Dest A sress
oF the Tesln with Tower traffic
ond Ton-to-ne pelluted water runof. Col
Clinates nust select permeatle pavenent
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Short on Shade

Research on Equity and
Exposure in Los Angeles




Utility Clearance

ia Stata's standard for clearance.
around power lines hoe inoreased from
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Sun Symbalism

Sunshine is culturally prized by Los
Angelenos as & symbol of their sity.

Angalanos’ altitude towerds sunshine
complicate the provision of shede.

CULTURAL IDERTITY

City of Los Angeles
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Policing and Surveillance

Shada is considerad as an impediment to
surveillance and safety, resulting in &
preference for unshaded public spaces by
Iaw enforcement agenciss. Sunlight was
weaponized to deter “deviants and
eriminele” in Los Angeles.
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Palms Mean Paradise
Palm trees bacame one of the dominant
Lo Angeles street tree spesies, due in
part to charesteristios that were ideal
for an era dominated by cars.

The ubiquity of these trees has resulted
in less overal| strest shads.

CULTURAL IDENTITY

City of Los Angeles
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Tree Maintenance

Adjacant owners are respansible for the
mainbensnce of parkway tress, resulting in
their becoming & private financiel burden.

Tree watering and maintenance were
historically the obligation of proper ty
owners until 1932, when the City began to
toke more reapanaibility for menaging strect
trees. However, raot-related damage and
maintenance remain proper ty wners’
respansibility todey.
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Cars Trump Trees

Car-arientad road-midening davelopment
practioss veauited in diminished por kweys
that are not wide enough for shade trees.

CAR-CENTRIC URBANISM

City of Los Angeles

ert o shuse

Advertising Dallars

The Gity of Los Angeles signed contracts
with private vendors to install and msintein
bus shelters in exchange for advertising
space on the shelters thamselves.

Advertising revenue besame a driving fastor
in determining bus shelter locations, with
the result that “high-value” neighborhoads
benefit from more bus shelter shade.
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VISUALIZATION TOOL DESCRIPTION ASSESSMENT g’ §
HE
2|z
LANDSAT IMAGERY/GIS DATA Satellite imagery used to map Land surface temperature, GIS software (e.g., ArcGIS,
surface temperature and land Land cover classification QGIS), Landsat imagery, Tree o0 ®)
cover. Equity Score (TES)
UAV INFRARED THERMOGRAPHY Use of drones equipped with Material surface temperature, | UAVs, infrared cameras (e.g.,
infrared cameras to capture infrared radiation (IR} FLIR) 000 O
high-resolution thermal images.
HANDHELD THERMOGRAPHY Portable infrared cameras to Material surface temperature, |Handheld infrared cameras
measure temperature variations | infrared radiation (IR) (e.g., FLIR) o0 0O @)
on the ground level.
MOBILE BIOMETEOROLOGICAL INSTRUMENT PLAT- | Mobile units equipped with Air temperature (°C), humidity | Mobile meteorological
FORM sensors to measure various (%), wind speed (m/s). stations (e.g. MaRTy)
environmental parameters Mean Radiant Temperature,
that comprise mean radiant 6-directional method for "Ye)
temperature. obtaining average temperature

of all surfaces surrounding a
person, including walls, floors,
and objects.
VEHICLE-MOUNTED THERMOCOUPLE SENSORS Thermocouples mounted Air temperature Vehicles, thermocouple
on vehicles to measure sensors

S 00O
temperature while driving
through different areas.

ENVIRONMENTAL SIMULATION (e.g. ENVI-met) Simulation software to model Temperature [°C), wind flow ENVI-met software
i I 1 i Talt 0

and pr.edlct. microclimatic (m/s), humidity (%) @000

conditions in urban

environments.

COMMUNITY ENGAGEMENT/HEAT WALKS Engaging with the community Perceived temperature, Surveys, mobile apps,

to collect temperature data and | community feedback, handheld thermometers 00000
identify heat-affected areas. gualitative data
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Heat Islands and proximity to green space in Omaha, NE. Landsat 8 and GIS data. Map by Salvador Lindquist.

LANDSAT /
GIS

BRIEF DESCRIPTION:

Landsat is a series of Earth-observing satellite
missions jointly managed by NASA and the U.S.
Geological Survey (USGS). Launched initially

in 1972, the Landsat program has pravided a
continuous record of Earth's surface, making it one
of the longest-running satellite imagery programs in
existence. The satellites are equipped with various
sensars which capture data across multiple spectral
bands, from visible light to thermal infrared. This
diverse range of data allows for detailed analysis of
land cover, vegetation health, and, crucially, surface
temperature, making Landsat an invaluable tool

for studying urban heat islands and other climate-
related phenomena.

Geographic Information Systems (GIS) coordinate
with Landsat data to provide a powerful platform
for analyzing and visualizing the spatial distribution
of heat. By integrating the spectral data from
Landsat with other geographical data layers, GIS
enables researchers and urban planners to map
temperature variations across different regions,

SCALE/RESOLUTION

regional neighborhood

PROJECT PHASE

identify hotspots, and correlate these findings

with factors such as land use, population density,
and sacioeconomic variables. For example, by
overlaying temperature data with land cover maps,
GIS can reveal how different surfaces (like concrete,
vegetation, and water bodies) contribute to urban
heat islands, offering insights into where mitigation
efforts are most needed.

The applications of Landsat and GIS in
understanding heat distribution are extensive. On a
regional scale, these tools can be used to monitor
changes in surface temperatures over time, helping
to track the effectiveness of interventions like tree
planting or reflective roofing. They also play a
critical role in assessing the impact of urbanization
on local climates, guiding policy decisions aimed

at improving urban resilience to extreme heat.
Additionally, by combining Landsat data with
demographic information in GIS, planners can
identify vulnerable communities disproportionately
affected by heat, ensuring that adaptation and
mitigation strategies are equitably distributed.
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Abdoulaziz Abdoulaye of UNMC demonstrates a sensor used in the heat study (Photo by Fred Knapp, Nebraska Public Media News)

SCALE/RESOLUTION

regional neighborhood site

PROJECT PHASE

pre-design design post-design

VEHICLE-TRAVERSE

COLLECTION

BRIEF DESCRIPTION

Vehicle-traverse collection is a dynamic method
used to assess the urban heat island (UHI) effect by
equipping vehicles with thermal imaging technology
to capture surface temperature data across different
urban areas. This approach involves driving a
vehicle fitted with thermal sensors, such as infrared
cameras or temperature probes, which continuously
record temperatures as the vehicle traverses
various streets and neighborhoods.

This method provides a comprehensive, real-

time view of temperature variations across a city,
capturing data across a wide range of locations in a
single trip. This continuous data collection enables
detailed analysis of temperature gradients and
hotspots over large areas, offering insights into how
urban design, land use, and infrastructure contribute
to the UHI effect. Unlike stationary measurements,
which are limited to fixed points, vehicle-traverse
collection can reveal varying street-level conditions
and identify areas with significant heat disparities.

Vehicle-traverse collection stands out from other
heat visualization methods such as UAV, handheld
thermography, and Landsat imagery. While UAVs
capture data from fixed altitudes and may miss
ground-level variations, and handheld thermography
provides localized measurements, vehicle-traverse
collection combines the mobility of vehicles with
high-resolution thermal sensing to cover extensive
urban areas. It produces detailed heat maps that
reflect granular, dynamic temperature changes.
Unlike Landsat imagery, which offers broad,
satellite-based data at a lower resolution and less
frequent updates, vehicle-traverse collection can
capture more specific and timely temperature
variations. This method offers unique insights into
localized heat patterns that can directly inform
targeted design and planning interventions in
landscape architecture.






MaRTy is a "mobile biometeorological instrument platform that measures air temperature, humidity, wind speed and direction, GPS coor-
dinates, and MRT (Mean Radiant Temperature) using the é-directional method.” Photo courtesy of SHaDE Lab, Arizona State University.

MOBILE

SCALE/RESOLUTION

regional neighborhood site

PROJECT PHASE

pre-design design post-design

BIOMETEOROLOGICAL
INSTRUMENT PLATFORM

BRIEF DESCRIPTION

The Mobile Biometeorological Instrument Platform,
known as MaRTy, is a mobile research station
developed by Arizona State University (ASU). It is
designed to measure and analyze various aspects
of thermal comfort and heat exposure in urban
environments, making it a valuable tool in the study
of urban microclimates. MaRTy has the capacity to
assess mean radiant temperature (MRT), which is
crucial for understanding how humans experience
heat in real-world conditions.

MRT is distinct from air temperature in that it
accounts for all radiant heat sources a person

is exposed to, including direct sunlight, reflected
radiation from surrounding surfaces, and thermal
radiation emitted by objects and structures in the
environment. Unlike air temperature, which only
measures the temperature of the air, MRT provides
a more comprehensive assessment of the thermal
environment as it is perceived by humans. This
makes it the closest measure we have to a true

understanding of thermal comfort, as it reflects

the combined effects of air temperature, solar
radiation, and infrared radiation on the human body.
As aresult, MRT is a critical variable in evaluating
the potential health risks posed by extreme heat,
particularly in densely built urban areas where
radiant heat can be intensified by materials like
concrete and asphalt.

In the context of landscape architecture, MaRTy's
ability to measure MRT allows professionals to gain
deeper insights into the thermal comfort of outdoor
spaces. Instead of merely identifying hotspots,
MaRTy can pinpoint areas where the overall thermal
experience might be uncomfortable or hazardous
for people. This data enables landscape architects to
design interventions that enhance thermal comfort,
such as optimizing shade coverage, selecting
appropriate materials, and strategically placing
vegetation to reduce radiant heat exposure.
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Sample of urban heat island mapping using ENVI-met, an environmental simulation software.!

SCALE/RESOLUTION
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pre-design design post-design

ENVIRONMENTAL

SIMULATION

BRIEF DESCRIPTION

Environmental simulation is a critical process

in understanding and predicting the behavior of
environmental factors within built and natural
environments. This practice involves using
advanced computational tools to model various
conditions such as temperature, humidity, wind
flow, solar radiation, and their effects on buildings,
landscapes, and urban spaces. By simulating

these environmental conditions, designers and
planners can make informed decisions that enhance
sustainability, energy efficiency, and thermal comfort
in their projects. Several software tools exist for
environmental simulation, each offering capabilities
tailored to specific aspects of environmental
analysis:

ENVI-met is a popular tool, specifically designed
for simulating microclimates in urban areas. It
can model the interactions between buildings,
vegetation, and atmospheric conditions, allowing
designers to assess the impact of green spaces,

materials, and urban layouts on local temperatures
and comfort levels. There are many other
softwares that assist in conducting environmental
assessments, but ENVI-met is one of the more
commonly utilized tools, although not without its
limitations, which we will describe later in this
section.?

Ladybug Tools, which integrates with Rhino and
Grasshopper, offers a suite of environmental
analysis tools that allow for detailed simulations of
sunlight, wind, and thermal comfort. These tools are
particularly valuable in early design stages, enabling
iterative testing of design strategies.

These software tools are instrumental in simulating
thermal comfort by allowing users to predict

how different design elements—such as shading,
orientation, and material choices—affect the
temperature and humidity experienced by occupants
early in the design stage.
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“Engaging Heat” community engagement exercise with residents of the South Omaha neighborhood. Photo by Salvador Lindquist.
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pre-design design post-design

COMMUNITY-LED
HEAT ASSESSMENT

BRIEF DESCRIPTION

Community-led heat assessments are a participatory
approach to evaluating the impacts of extreme heat
within urban environments. Unlike traditional heat
measurement tools, such as Landsat imagery, UAV
thermography, and handheld thermal sensors, these
assessments involve local residents in the data
collection and analysis process. This grassroots
methodology offers unique insights into heat
exposure that may be missed by more conventional
methods.

Community-led assessments typically involve
training residents to use simple tools, like
temperature loggers or mobile apps, to record heat
conditions in their neighborhoods. Participants
might also conduct surveys to gather qualitative
data on their experiences with heat, including
health impacts and access to cooling resources.
This approach allows for the collection of data from
a variety of micro-environments that might not be
captured by broader, less granular methods.

One of the primary advantages of community-led
assessments is their ability to capture localized
heat experiences that are often overlooked by
traditional tools. While Landsat imagery provides
broad, satellite-based data, and UAV and handheld
thermography offer high-resolution temperature
readings, these methods often miss nuanced
variations at the street level. Community-led
assessments can identify specific hotspots and
vulnerable areas based on direct, lived experiences
of residents, revealing how different demographics
are affected by extreme heat.

Furthermore, community involvement fosters
greater engagement and empowerment, ensuring
that the solutions and recommendations are directly
informed by those most impacted. This participatory
approach can lead to more effective and equitable
heat adaptation strategies, as it considers the unique
needs and challenges of various communities.



Streetscape thermal enlargement of the Regency corridor scan. Thermal scan by Keenan Gibbons.

UAV
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pre-design design post-design

THERMOGRAPHY

BRIEF DESCRIPTION

UAV Thermography refers to the use of Unmanned
Aerial Vehicles (UAVs), commonly known as
drones, equipped with thermal imaging cameras

to capture and analyze heat patterns from an
aerial perspective. These specialized cameras
detect infrared radiation emitted by objects and
surfaces, converting this data into visual images
that represent temperature variations. By analyzing
the thermal data, UAV thermography can reveal
how heat is distributed across different areas,
highlighting hot and cool zones with high precision.

The process of UAV thermography involves
flying the drone over a specified area, where it
captures thermal images that are processed into
detailed maps. These maps use color gradients
to indicate temperature differences, with warmer
areas typically represented by reds and oranges,
and cooler areas by blues and greens. This
visual representation of heat distribution helps in
identifying hotspots or areas of interest that may

require further investigation or intervention. In the
field of landscape architecture, UAV thermography
is a powerful tool for understanding microclimates
within urban environments. Professionals can

use this technology to identify areas where heat

is disproportionately concentrated, such as on
concrete surfaces, rooftops, or sparsely vegetated
zones. This information is crucial when designing
or retrofitting urban spaces to improve thermal
comfort and reduce the urban heat island effect.

For instance, landscape architects can use UAV
thermography to assess the effectiveness of green
infrastructure, such as green roofs, tree canopies,
and parks, in cooling urban environments. By
comparing thermal maps taken before and after
the implementation of such features, they can
quantitatively evaluate their impact on reducing
surface temperatures. Additionally, this tool can
be used to monitor the performance of existing
landscapes over time, ensuring that they continue to
provide the intended cooling benefits.
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Handheld thermal image of an ADA ramp at the Gene Leahy Mall.

HANDHELD
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THERMOGRAPHY

BRIEF DESCRIPTION

Handheld Thermography involves using portable
thermal imaging cameras to capture infrared
radiation emitted by surfaces, converting this data
into visual heat maps. Unlike UAY thermography,
which provides broader aerial views, handheld
thermography allows for a more detailed and
granular examination of specific surfaces and
materials at close range. This close-up capability
enables landscape architects to assess thermal
variations on surfaces like pavements, building
facades, or vegetation, which are often missed in
broader UAV scans.

One of the key advantages of handheld
thermography is its ability to pinpoint specific
thermal anomalies or variations in real time. While
UAVs provide an expansive overview, handheld
devices allow practitioners to dive deeper into
particular areas of interest, such as identifying heat
retention in different materials or the cooling effects
of specific vegetation. This level of detail is crucial

for understanding the nuances of thermal comfort
in outdoor spaces and the performance of different
landscape elements under heat stress.

In landscape architecture practice, handheld
thermography enhances the way heat is visualized
by allowing for an on-the-ground perspective. It
enables designers to gather data from hard-to-
reach areas or locations that require more detailed
analysis, such as shaded versus unshaded areas or
the thermal performance of specific plant species.
This tool helps in creating maore precise heat maps,
which can inform the placement of shade structures,
vegetation, and other cooling strategies.

Furthermore, handheld thermography’s portability
makes it an ideal tool for iterative design processes,
where designers can test and visualize the thermal
impacts of various interventions on-site, making
adjustments in real-time. This approach fosters

a more responsive and adaptive design process,
leading to more effective and targeted heat
mitigation strategies in urban landscapes.
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UAV NOMENCLATURE

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 Tcm 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?



FAA AIRSPACE

Upper Limit Undefined CLASS E

FL 600
18,000 MSL

14,500 MSL
- > =
Needs Waiver
ﬁ"f‘ above 400ft
e 1,200 AGL auﬁgggg%ﬁm 1,200 AGL 1,200 AGL Sfr%a’eﬁfea
requir
700 AGL q 700 AGL Airtraffic 700 AGL —x‘
. i 1 B
_f T - ’z' required a”tr';?;,ﬂ?f‘;ém
° - A Sl
AGL Above Ground Level Class E Surface Extension \_
FL F"ght Level - . " Federal Aviation
MSL Mean Sea Level Airspace Guidance for Small UAS Operators § Administration

Source: FAA



DJI Matrice 210 RTK Zenmuse XT2 Thermal Camera



NOVEL RESEARCH + PILOT PROJECT

PROJECT: HURON STREETSCAPE
LOCATION: ANN ARBOR, MICHIGAN
COST: S45M = OVERALL

S400K = TREES + PLANTING
[130 SHADE TREES]
CONSTRUCTION: SUMMER 2019 — WINTER 2019

1STFLIGHT / SCAN: JUNE/JULY 2019
2ND ELIGHT / SCAN: JUNE/JULY 2020
3RO ELIGHT / SCAN: JUNE/JULY 20247

G0 | ANN ARBOR
DETROIT
PITTSBURGH
BOSTON
o°

WASHINGTON, DC



NOVEL RESEARCH + PILOT PROJECT
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NOVEL RESEARCH + PILOT PROJECT

5 4TH AVENUE



NOVEL RESEARCH + PILOT PROJECT

@®*VIDOT

Michigan Department of Transportation




NOVEL RESEARCH + PILOT PROJECT

m— 0 T4 et KARB 211653Z 29009KT 10SM SCT039 29/20 A2993 RMK A02 SLP129 T02890200
Conditions at: KARB (ANN ARBOR , MI, US) observed 1653 UTC 21 August 2019
Temperature: 28.9°C (84°F)
Dewpoint: 20.0°C (68°F) [RH = 59%]

Pressure {altimeter): 29.93 inches Hg (1013.6 mb)
[Sea-level pressure: 10129 mb]

Winds: from the WN'W (290 degrees) at 10 MPH (9 knots; 4.6 m/s)
Visibility: 10 or more miles {16+ km)

Ceiling: at least 12,000 feet AGL

Clouds: scattered clouds at 3900 feet AGL

Weather: no significant weather observed at this time
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NOVEL RESEARCH + PILOT PROJECT
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POST-PROCESSING UAV THERMAL IMAGING & PHOTOGRAMMETRY
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POST-PROCESSING UAV THERMAL IMAGING & PHOTOGRAMMETRY




THE URBAN HEAT ISLAND EFFECT MATERIAL PALETTE

Wednesday, August 21,2018 « Ann Arbor, Michigan = 1 Iﬁgt‘FmEE GRATE
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SOLAR NOON IN THE URBAN HEAT ISLAND — s

Huron Streetscape Project, Existing Conditions « Ann Arbor, Michigan - Wednesday, August 21,2019 ' E{

5
1:24PM FLIGHT i
84'F AIR TEMP

‘5 u"“.-?m o

> SURFACE TYPE: BUILDING 4.04 AC [357 AREA]

L 5 SIDEWALK 214 AC [197 AREA]

z 5 ASPHALT 4,69 AC [407, AREA]
E € VEGETATION 64 AC [6%AREA]

i AREA: 11.51 AC [100% AREA]

BREAKDOWN
COOL SPOTS 427 SURFACE AREA

80°F-104'F[A24°F] UPTO20°F >AIR TEMP

SURFACE TYPE: VEGETATION, SHADED CONCRETE
SIDEWALK & ASPHALT

AREA: 448 AC [42.47, AREA]

WARM SPOTS 427 SURFACE AREA

104°F-118F[A14°F] UPTO34°F > AIR TEMP

SURFACE TYPE: PASSIVELY EXPOSED CONCRETE &
ASPHALT

AREA: 484 AC [41.97, AREA]

HOTSPOTS  16% SURFACE AREA

118°F - +150F [A 32°F] UPT0 +66°F > AIR TEMP

SURFACE TYPE: CONTINUOUSLY EXPOSED HIGH
EMISSIVITY ROOFTOPS
AREA: 180 AC [15.6% AREA]

SMITHGROUP w = @






A DAY IN THE URBAN HEAT ISLAND

Huron Streetscape Project, Existing Conditions « Ann Arbor, Michigan - Sunday, August 25, 2019

v

S

Morning Civil
Twilight
MATERIAL
6:34AM FLIGHT - - TREE
AIR TEMP: 61F  [161 @] [ ‘ TREE SHADE
MAX TEMP: 76F [24.? C] ! L , —
MIN TEMP: 36F [227] 80 160
AMAX-MIN TEMP: 40°F  [167°C) ASPHALT
A MAX-AIR TEMP: 1B5F  [81C] BUILDING SHADE

(®) BUILDING ROOF

Solar Noon

1:23PM FLIGHT N .
AIR TEMP: M [233C) : — o
MAX TEMP 127F  [525¢] . = L T
MIN TEMP: 62F [1657C] : ot
AMMX-MINTEMP: 65T  [3607C] o

A MAX-AIR TEMP- 63F [29.2°C] ﬁf;

&

Twilight 3 ®UBTE
2 \H‘ﬂ

8:11PM FLIGHT

AIR TEMP: 70F  [217C] l ‘ : ‘

MAX TEMP: 96'F  [3587C] [ = |

MIN TEMP: 42T [687] g 0 150

A MAX-MIN TEMP: 54F  [3007C]

AMAX-AIR TEMP 26°F  [147°C] SMITHGROUP



NOT ALL GREEN SPACE IS EQUAL

MOWED LAWN
108.6 F

NATIVE PRAIRIE

aw 86.1°F

keenan.gibbons AUGUST 18, 2021+ OKEMOS, MI - 82°F










150°F

138°F

127°F Extreme Danger [125°F or higher]
16°F m Danger [103°F - 124°F]

105°F m Extreme Caution [90°F - 102°F]
94°F m Caution [80°F - 90°F]

83°F m Mild Caution [79°F or lower]

72°F

81F

50°F



NWS Heat Index Temperature (°F)

80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110
40 |80 81 83 85 88 91 94
45 |80 82 84 87 B89 83 896
= |s50|81 83 85 8 91 95 99
>|55|81 84 86 89 93 97
T | 60|82 84 88 91 95 100
E|e5|82 85 89 93 98 103
T |70 |83 86 90
S |75 |84 88 92
= |80 |84 89 94
e | 85|85 90 96
90 |86 91 98
95 |86 93 100
100|87 95 103

Likelihood of Heat Disorders with Proloenged Exposure or Strenuous Activity
[] Caution [ Extreme Caution [ Danger [ Extreme Danger

Classification Heat Index Effect on the body

Caution 80°F - 90°F Fatigue possible with prolonged exposure and/or physical activity
Extreme 90°F - Heat stroke, heat cramps, or heat exhaustion possible with
Caution 103°F prolonged exposure and/or physical activity




Extreme Danger [125°F or higher]
m Danger [103°F - 124°F]
m Extreme Caution [90°F - 102°F]
m Caution [80°F - 90°F]
m Mild Caution [79°F or lower]

ESBG:

7!11 ac
?lr/

75 NORTH

16.71 ac 13.92 ac
40.79% 33.98%

2.19 ac.
5. I4X
o HI/
REGENCY
9.80 ac.
22.98%
23.93 ac.
56.14%

et K

6.24 ac.

GENE LEAHY

MALL

38.32%

GENE LEAHY MALL



SPOT MATERIAL TEMP.
al Concrete (Sidewalk; 108.0° F
Sun)
Bituminous Roof o
22 | (Glack: Sur) 150.4° F
83 | Tree Canopy 82.9°F
@4 | Concrete (Road; Sun) 113.0°F
@5 | Tree Canopy 82.2°F
@6 | Concrete (Road; Shade) | 90.5° F
i Bituminous Roof (White; 119.3° F
Sun)
@8 | Lawn (Sun) 97.5°F
Concrete (Sidewalk; .
29 Shade) 85.6°F
1@ | Automobile (Black; Sun) | 138.4° F
L] Asphalt (Sun) 107.2°F

12AM

84
82
80
78
76
74
72
70

3AM B6AM 9AM 12PM 3PM 6PM 9PM 12AM

Il Temperature (°F)



XKestrel
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SPOT MATERIAL TEMP.
G Concrete (Sidewalk; 108.0° F
Sun)
Bituminous Roof o X
o (Black; Sun) 156475 Rl g B : ; SURFACE TEMP °F. 93.5
= HUMIDITY (). 68 8%
B3 | Tree Canopy 82.9°F g ; y HEAT INDEX °F. 93.6
N ] . WET BULB GLOBE TEMP °F. 86,5
84 | Concrete (Road; Sun) 113.0°F
85 [ Tree Canopy 82.2°F ; _
86 | Concrete (Road; Shade) | 90.5° F = i
a7 Bituminous Roof (White; 119.3°F
Sun)
88 | Lawn (Sun) 97.5°F
Concrete (Sidewalk; ’ ' o, .
@7 | shade) ik e - HEQT e Ermd |
i a2 \ " 4 a g e = = ;
1@ | Automobile (Black; Sun) | 138.4° F D - i = = -
N | Asphalt (Sun) 107.2°F ' ; = ~ '




75 NORTH

SURFACE TEMP °F. 89.7 & 3 d . SURFACE TEMP °F. 935 SURFACE TEMP °F. 90.7
HUMIDITY (). 418% HUMIDITY (X). 68 8% HUMIDITY ). 378%

HEAT INDEX *F. 86 7 g N ” 4 - HEAT INDEX *F. 93 6 HEAT INDEX 34

LET BULB GLOBE TEHP °F. 76.8 L : UET BULE GLOBE TEMP °F. 86.5 . WET BULE GLOBE TEMP °F- 883

< HETAL [SUN]. 182 8° F

PLANT [SHADE). 65 8° F

COMMUNITY GARDEN STREET INTERSECTION INTERSTATE OVERPASS



REGENCY

SURFACE TEMP °F; 86.%. % i Nt SURFACE TEMP °F. 82.3 ¥ e SURFACE TEMP °F. 898
343K B x ik 2% HUMIDITY (X%). 38 2% F y - HUMIDITY ). 31.3%
4 HEAT INDEX *F. 88 2 3 HEAT INDEX *F. 831
WET BULE GLOBE TEHP °F. 748 7 7 UET BULE GLOBE TEMP °F- 76.1 5 UET BULB GLOBE TEMP °F- 76.3

HETAL [SUN]. 198.8° F

PLANT [SHADE]. 78

{PLANT [SUN]. 57
| METAL [SUM]. 113" £
—

HULCH [SUN]. 122.9° F

PLAYGROUND BOULEVARD STREET INTERSECTION



GENE LEAHY MALL

SURFACE TEMP °F. 87 e . SURFACE TEMP °F. 88,3 i SURFACE TEMP °F. 95.2
HUMIDITY (%) 461% i LR ’ HUMIDITY (%). 43 1% 5 HUMIDITY 00, 54.8

HERT INDEX °F. 854 ! = HEAT INDEX °F. 99.9 HEAT INDEX °F. 198

LET BULB GLOBE TEHP °F. 79.4. 7 WET BULB GLOBETEHP °F. 88 & WET BULE GLOBE TEMP °F. 99

JSTONE [SUN]. B2.5°

PAINTED HETAL [SUN] 89.4° F » : ) : ot UEGETATION [SUNI: 82.6° F

PLAYGROUND PLAZA/HARDSCAPE STREETSCAPE






75 NORTH CORRIDOR
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THERMAL CONDITIONS

North Omaha is a histarically significant area
with a unique demographic and urban con-
dition. The neighbarhood has a complex his-
tory, shaped by redlining policies that were
prevalent in the mid-20th century. Redlining,
a discriminatory practice by which certain
neighborhoods were marked as high-risk for
lending or insurance based on racial com-
position, has had lasting effects on North
Omaha. One of the prominent demographic
features of North Omaha is its higher per-
centage of Black population. This is a result
of historical segregation and discrimina-
tion, as Black residents were often confined

» 2 |
- 'Ev,‘ 2
i 66T
R i w
2 59.7°F -
if >
‘ < B7I°F I

to specific neighborhoods due to restrictive
housing policies, The challenges associat-
ed with the urban condition in North Omaha,
particularly those stemming from historical
redlining and economic disparities, contrib-
ute significantly to thermal disparities within
the community, particularly in the context of
the urban heat island (UHI) effect. One key
factor is the unequal distribution of green
spaces and tree cover in North Omaha. The
redlining policies have led to disinvestment
and limited resaurees nntherareas sebuliing
nviewer parksandegreepspaces. raiaegh-
boriigods withithmitert greem anfoastrecturs)

as North Omaha, there is a higher likelihood
of increased temperatures, creating ther-
mal disparities within the urban landscape.
Mareover, the guality of housing and infra-
structure in North Omaha also plays a role in
contributing to thermal disparities. The eco-
nomic challenges faced by the community
rmay lead to substandard housing conditions,
with inadeguate insulation and ventilation.
Such housing situations can result in high-
er indoor temperatures, further intensifying
the overall thermal conditions experienced
by residents. The urban heat island effect is
often exacerbated by the prevalence of im-

White bitur recs
albeds, raled mare sunl H

ASPHALT
PARKING LOT

2 Larpealues

pervious surfaces like asphalt and concrete
in urban areas. In North Omaha, historical
disinvestment may have led to limited in-
frastructure improvements, contributing to
a higher proportion of impervious surfaces.
These surfaces absorb and retain heat, in-
tensifying the UHI effect and creating local-
ized hatspots within the community. I

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

SURFACE TEMP °F: 95.2

HUMIDITY (%) 54.8 ' i *  Ground temperature fluctuations are influenced by changing

HEAT INDEX °F. 100 weather conditions like cloud cover.
WET BULB GLOBE TEMP °F: 98

*  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

UEGETATION [SUN]. 82.6° Y | - measurements.

*  Future studies could benefit from more robust “ground-truthing.”

F




Number of deaths/day

350

Temperature °C

Deaths caused by heat in Maricopa County, Arizona have increased

r45  tenfold in the last decade
..... temperature max Number of heat deaths in Maricopa County, Arizona
300+ —— temperature min - 740 845
| mortality 2003 r f
2501 ',: 135 600
2001, A : “ .- 130 425
\“ ':'l. "r o l‘l 5 ves :' I": “‘ 400 -
150+ L0 % o (1 ~ \.+25 323
": . "\‘ * -N
1001 120 o0 . 179 182 199
i e
RILITI 1T . 111 11111
2527291 3 57 91113151719212325272931 2 4 6 810[12] 151719 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
1113
JUNE 2008 rmmemsmemrmrn July 2003------------- r+------August 2003--»

Source: Maricopa County Department of Public Health
Source: University of Hawaii at Manoa/Benedicte
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INTRODUCING THE THERMAL TOOLKIT:
TECHNOLOGIES AND TECHNIQUES FOR VISUALIZING THERMAL DISPARITIES

SALVADOR LINDQUIST, Assistant Professor of Landscape Architecture
University of Nebraska - Lincoln, College of Architecture
slindquist@unl.edu

KEENAN GIBBONS, LEED, PLA Landscape Architect - SmithGroup
Lecturer - University of Michigan
keeng@umich.edu

2024 LAF WEBINAR
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