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Urban Heat Assessments: A 137 Year History

« Research motivations have changed
over time.
I.  Historically: Observe differences
between city and surrounding areas
ii. Current: Describe the causes for
differences within and across cities

* Measuring Progress
I. Development and use of
methodological standards
ii. Effective application of findings to
planning tools and design guidelines
for mitigation
ii. Ops for climate change adaptation
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Year of Language of . . .
Author name publication publication City or region studied
L. Howard 1833 English London (U.K.)
E.Renou 1868 French Paris (France)
J.Hann 1885 German Europe, India, USA
M. Moreno 1899 Spanish Mexico City (Mexico)
W. Hammon & F. Duenckel 1902 English St. Louis (USA)
W. Schmidt 1927 German Vienna (Austria)
A.Treibich 1927 German Berlin (Germany)
A. Peppler 1929 German Karlsruhe (Germany)
C. Brooks 1931 English Springfield (USA)
L. Besson 1931 French Paris (France)
K. Sasakura 1931 Japanese Tokyo (Japan)
A. Budel & J. Wolf 1933 German Munich (Germany)
H. Berg & H. Metzler 1934 German Hanover (Germany)
W. Middleton & F. Millar 1936 English Toronto (Canada)
E. Fukui & N. Wada 1941 Japanese Tokyo, Osaka, Nagoya (Japan)
W. Balchin & N. Pye 1947 English Bath (UK.)
A. sundborg 1951 English Uppsala (Sweden)
F. Duckworth & J. Sandberg 1954 English San Francisco (USA)
E. Einarsson & A. Lowe 1955 English Winnipeg (Canada)
H. Shitara 1957 Japanese Hiroshima (Japan)
M. Takahashi 1959 Japanese Ogaki, Kumagaya (Japan)
T. Chandler 1960 English London (U.K.)
|. Kayane 1960 Japanese Tokyo (Japan)
T. Sekiguti 1963 Japanese Ogaki (Japan)
T. Kawamura 1964 Japanese Kumagaya (Japan)
T. Chandler 1965 English London (U.K.)
S. Nieuwolt 1966 English Singapore
K. Nakamura 1966 Japanese Nairobi (Kenya)
E. Fukui 1968 Japanese Japan
F. Ludwig 1970 English Dallas (USA)
Y. Goldreich 1970 English Johannesburg (South Africa)
S.Sham 1972 English Kuala Lumpur (Malaysia)
C. Daniel & K. Krishnamurthy 1973 English Pune, Mumbai (India)
E. Jduregui 1973 English Mexico City (Mexico)
T. Oke 1973 English St. Lawrence Lowland (Canada)
T. Oke & G. Maxwell 1975 English Vancouver, Montreal (Canada)

Source: Stewart 1., 2019. The relevance of history in
contemporary urban heat island research. Urban Climate

News, 74.



https://missionscience.nasa.gov/ems/13_radiationbudget.html
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Common Descriptions of the UHI

URBAN HEAT ISLAND PROFILE

1. Traditional use of a ‘reference site’ to 333

assess urban temps (Chandler, 1965; %g

Landsberg, 1979) 3(1)’22

— Use of weather stations (spatial) 00

— Nighttime differences (temporal) Y W .L Y S
2. Saftellite description of the land surface el Conmercal ©Urban L Suburban

temperature (LST) T “

—  Atmospheric brightness & emissivity e v

3. Integrating satellite with ground-based

measurements N

—  Aim of developing a predictive R b
model for air temperatures
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Opportunities for Integration: Satellite and Ground Based Methods

e Limited number of in-situ data, which is obtained from weather stations to validate

the model
— In order to collect appropriate number of data, data are collected for multiple

days/years and/or large study area

* Predict only Tmax, Tmin, Tmean
« MODIS is the most widely used imagery to obtain LST and other auxiliary variables.

— High temporal resolution (Daily), but low spatial resolution (1km)
— Four times a day (Terra-10:30am, Aqua-1:30pm, Terra-10:30pm, Aqua-1:30am)

« Other studies use Landsat LST or BT
— Native resolutions of the thermal bands are:
* Landsat 4-5 Thematic Mapper (TM): 120m
» Landsat 7 Enhanced Thematic Mapper Plus (ETM+): 60m
» Landsat 8 Thermal Infrared Sensor (TIRS): 100m
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H .I.
Ground-Based Assessments

No need for LST data (thermal band)
High spatial resolution (10m)

Large number of in-situ data (the number of points of vehicle traverses) to validate
and calibrate

Able to predict a specific time period (6 am, 3 pm, and 7 pm) - diurnal
temperature pattern
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Heat Watch
Engagement
Moael

Engage communities in
describing and localizing
climate-induced hazards

Develop analytical tools for
examining scenarios of

adaptation actions

Support capacity building
efforts through engagement of
decision makers and
community groups




How it Works

Review Results &

. ldentify Actions
Comple’re Compcmgn Deepen engagement

Use materials provided to through active involvement
engage volunteers in in heat planning
Heat Watch campaign

Engage Locally

|dentify organizations
and individuals to
support heat action
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Campaign Planning

Projected Change in Number of Days Above 90°F
Mid 21st Century, Higher Scenario (RCP8.5)

Weighted Multi-Model Mean
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CAPA
Heat
Watch

Organizer Timeline

2. Establish

Get to know the Heat Watch process
and begin volunteer engagement.

-Review customized ‘“starter kit
including materials for volunteer
recruitment & training, step-by-step
guides, and a document road-map
-Begin recruiting volunteers using
provided outreach material

-Schedule a kickoff meeting with
CAPA program managers to ask ques-
tions and review next steps

4. Activate

Finish preparatory steps by finalizing a
campaign date, notifying volunteers
and distributing CAPA-provided equip-
ment.

-Using forecasts, confirm the ideal
high-heat, no-rain Campaign Day

-Confirm availability with volunteers
and organize backup teams as needed
-Receive equipment from CAPA and
organize a central meeting time and
location to distribute equipment

6. Analyze

CAPA analysts process data and
produce heat map outputs.

-Analysts download, clean, and
process raw data files

-Using satellite imagery to inform
land-cover  variables, analysts
produce predictive temperature and
heat index surfaces

-Maps and datasets are shared with
the City Team

% CAPA

o 6-10 weeks pre-campaign

4-5 hours by Organizer

=d)
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o 1-2 weeks pre-campaign

4-5 hours by Organizer
0.5-1 hour by Volunteer

10-12 weeks pre-campaign o

4-5 hours by Organizer

2-6 weeks pre-campaign
4-5 hours by Organizer
0.5-1 hour by Volunteer

Campaign Day o

4 hours by Organizer
4 hours by Volunteer

o 4-6 weeks post-campaign @

6-10 weeks post-campaign o

1 hour by Organizer

1. Set Goals

Determine the timing of your Heat
Watch campaign and set up your team.

-Identify a target campaign date with
high temperatures and clear skies
based on historical weather patterns
-Partner with local organizations (e.g.
science museums, universities, and
non-profits) to combine resources and
increase action potential

-Designate a lead, or “Organizer’, who
will act as the main point of contact

Ensure volunteers are ready for their
important role as data collectors.

-Schedule comprehensive volunteer
training sessions

-Volunteers attend the live training or
complete an at-home module, cover-
ing logistics to equipment usage
-Assign polygons and routes to volun-
teers in teams of 1 to 3 people

-Detail next steps for volunteers lead-
ing towards Campaign Day

5. Execute

Conduct a successful campaign, map-
ping the distribution of heat across your
city at morning, afternoon and evening.

-Volunteers arrive at starting points
and install equipment

-Following prescribed routes, volun-
teers collect ambient temperature
and humidity data at every second
-Volunteers return and Organizers
ship back the equipment to CAPA

7. Implement

Heat Watch results are reviewed and
interpreted by participants, with a
meeting to discuss next steps.

-Surveys are distributed to partici-
pants to gather feedback on experi-
ence and interpretations

-CAPA and City Team meet virtually to
explore future possibilities

-Next steps are determined and
planned for action




Campaign Day

@ Dave DuBois o
» @NMClimate

Las Cruces #HeatWatch sensor
mapping today. Here is our
sampling system from 3-4pm.
Temperatures hovering around
104-105°F. #h

5:08 PM - Jul 10, 2020

1 Retweet 8 Likes
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HEAT WATCH PROGRAM
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“The Rhode Island Heat Watch Program
will build on the work of our Health
Equity Zones and be an important part
of Rhode Island’s efforts to promote

equity and health at the community
level.”

Dr. Nicole Alexander-Scott
Director, RIDOH

. so it's good to have this data
. . ; and also it'll give us some kind of scope to see
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Campaign Outputs & Impacts

Miami,
Florida

o
CAPA

strategies
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CAPA

strategies

Morning Area-Wide Predictions (6 - 7 am)
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Major thanks to all of the partici-
pants and organizers of the Urban
Heat Watch program in Miami,
Florida. After months of collabora-
tion and coordination, local orga-
nizers and volunteers collected
thousands of temperature and
humidity data points in the morn-
ing, afternoon, and evening of a
long, hot campaign day on June
27th, 2020

Evening Area-Wide Predictions (7 - 8 pm)
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traversed ten study areas across
Boston, Cambridge, and Brookline. The
maximum heat measured during the

traverses was 102.3 degrees Fahren-
heit (near Boston Harbor), with a

highest concurrent heat differential of
15 degrees.
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On July 29th and 30th, 2019, volunteers

Temperature

MIN  MAX MEAN
71.8F 827F 745F
87.3F 1023F 908F
787F 911 F 840F

Heat Index

MIN  MAX MEAN
73.0F 87.7F 758F
91.0F 1089F 96.1 F
805F 97.7F 889F




Approaches to Validation

« Assess differences between satellite-derived and ground-based mobile
temperature measurements (exhaustive)

« Compare ground-based stations with mobile temperature measurements
(selective)

« Conduct repeat measurements of mobile tfemperatures in one region and
compare across days (TBD)
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Machine Learning: Random Forest

 Integrate ground-based measurements with satellite
imagery
I.  Satellite bands provide descriptions for land
cover
ii. Diversity of land covers accounts for variation in
temperature measurements

 |dentify best predictors of temperatures across all
land covers
I.  Use predictors to develop temperature surfaces
ii. Temperature estimation is based on land covers
traversed
« Advantages over geospatial interpolation
— Takes info account what is on the ground, as
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Ensemble of Regression Trees

« Developed by Breiman (2001)

« Combine many “weak learners” into a “strong learner”
« Use bootstrap aggregation or bagging

« Each free uses only a random subset of predictors

« Highest accuracy for predicting air femperature
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LOCATION

Washington D.C.

Elevation: 150’

Albuquerque, NM
Elevation: 5,312

Portland, OR
Elevation: 50°

Richmond, VA
Elevation: 166’

Tacoma, WA
Elevation: 243’

LandSat

LST DATE/
TIME

AVERAGE TEMP

07/08/18 84°F
3:45 PM

07/27/18 85°F
5:43 PM

08/28/16 84°F
6:56 PM

08/06/17 85°F
3:46 PM

07/24/18 83°F
7:00 PM
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LST

LOW/
HIGH/
AVG LST

64/85/75

63/87/75

57/84/72

59/89/74

55/86/70

Comparing Satellite with Mobile Temps

NSAT

SURVEY
DATE

08/30/18

06/23/18

08/25/16

07/23/17

07/26/18

AVERAGE DAILY
NSAT

92°F

97°F

91°F

94°F

86°F

LOW/
HIGH/
AVG NSAT

78/93/86

65/98/82

60/95/78

74/97/86

57/89/73




Satellite and Mobile Temps - Effects of Land Cover

LST-NSAT
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District of Columbia
(8/28/2018)

- [ ;""’ 458
" "0 Weather Station
: " @ EPA

¥ A Purple Alr

\l . - [ Weather Underground

mV .3 Predicted Temperature at 3 pm
.

7
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Washington, D.C.
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Predicted. Temperature
I I
Stations RMSE (°C
EPA 2 1.99
Purple Air 3 4.39
Weather
Underground 24 1.73




Boston

Boston .
(7/29/2019) s,

A
A O
O O

35.0- - .
Station. Type
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A p
" wu

30.0-

Predicted Temperature at 3 pm A

alue '
High : 39.0 32 33 34

Predicted. Temperature
Low : 30.7

e aseee)
Stations RMSE (°C
i EPA 2 172
S e Purple Air 6 4.10
Weather
Underground 26 1.98
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Sacramento
(8/14/2019)

@ PurpleAir
A Weather Underground

Predicted Temperature at 3pm

alue
High : 41.3

Low : 34.9

N, ainel e GIS Ussr Commmunidy
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Sacramento

Station. Type
* P
A wu

Observed. Temperature

37 38

Predicted. Temperature

39

Number of
Stations RMSE (°C
Purple Air 53 4.45
Weather
Underground 21 2.57
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Satellite-Based Measurements

Strengths :
1. Freely available across the world
2. Seasonal availability

3. Infra-urban variation detectable
4. Extensive literature and research

5. Potential connections to land use
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Weaknesses

1. Exaggerates temperature ranges

2. Coarse pixel size (30m, 20m, Tkm...)

3. Rooftops as opposed to street-level

4. Discrete differences between land covers
5. Translation to policy remains unclear
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Ground-Based Measurements

Strengths
1. Engages community in their place

2. Established ‘civic legitimacy’ of scientific
process and results

3. High resolution outputs (1m, 10m)
4. Diurnal profile of air temperatures
5. Policy applications are evident

Weaknesses

1. Coordination of local community groups
requires time and strategy

Not free due to engagement and analysis
Seasonal differences not [yet] available
Clouds or rain can create delays
Generalizable models are still forthcoming

o~
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EXPLORE ATLAS

lllllllllllllllllllllllllllllllll re partnering with
climate researchers to create maps of urban heat islands across the
Urited States. Ona hot day in hington, DC., for sxample, tem-

peratures varied neardy 17 degrees F betwean the warmest spot and

the coclest. To cope with the heat, many citiesare planting trees and
carving cut open spaces. The National Oceanic and Atmospherk
Administration, which funded the research, plars to expand it to
I N IH [ cl Tv help cities figure out ways to keep their coolin a warming world.
/{' < BY RYAN MORRIS AND RYAN WILLIAMS
B ;
Leaty troes Dense, dark PAVEMENT AND
In parks transpira | surtaces 1ka POOR HEALTH
watsr vapor and asphalt and In @astam naigh-
blodk sunlight. concrete borhoods, Indus-

absorband trial waraho usas,
radiate heat. rall yards, and
paved axpanses
dot the lancscaps.
Pacple hare can
tacs high anargy
costs and haat-

Temperatura on
Aug.28,20183p.m.

1019F X
1002°F »
FROM SUNLIGHT

Shady parks and
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—Q%.5F conditicn” wealth-
— ler naighborhcod:
BEF ot or Rook Cresk
—RAF Park. Bulk-up com-
mercial hubs wil

such asthosa in
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arewarmer.
ES4F

SOURCES, VIVEE S-ANDAS AND OTHERS, CLIWATE, 2T, NO A



District of Columbia Extensions: Land Use Change

Greenleaf Hot spot: UTCI (F)
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Greenleaf Cool Spot: UTCI (F)
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Contact

Vivek Shandas
vshandas@pdx.edu
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