
In this webinar, UHI measuring and modeling expert Dr.
Vivek Shandas will tease apart the varying approaches to
UHI mapping, and will provide an overview of a
relatively new machine learning method that
incorporates conventional satellite remote sensing data
and in situ observations of temperature and humidity
from community science urban field campaigns. This
presentation will cover the methods applied, results
from past campaigns, and lessons learned over the 20
different urban field campaigns conducted since 2015.
The presentation will also touch on the emerging plans
for 2020 and how outcomes from previous campaigns
are helping to inform its design.

ContactVivek
vs@capastrategies.com www.capastrategies.com

While You Wait
� Read about the 2020 Urban Heat Island City 

Funding Opportunity and Apply
� See results from previous Urban Heat Island 

Campaigns.
� Sign up for the Heat Beat newsletter to keep up 

with the campaigns this summer.

nihhis.cpo.noaa.gov

http://capastrategies.com
http://www.capastrategies.com/


Temperatures and Anomalies on the Rise!



Heat and Local Impacts
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Urban Heat Assessments: A 137 Year History

Source: Stewart I., 2019. The relevance of history in contemporary urban 
heat island research.  Urban Climate News, 74.

• 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

iii. Opps for climate change adaptation

https://missionscience.nasa.gov/ems/13_radiationbudget.html


Examining the Sun’s Heating of Earth

Short Wave Radiation Budget Long Wave Radiation Budget 
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Solar-Earth Interactions
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Solar-City Interactions



Common Descriptions of the UHI

1. Traditional use of a ‘reference site’ to 
assess urban temps (Chandler, 1965; 
Landsberg, 1979)
1. Use of weather stations (spatial)
2. Nighttime differences (temporal)

2. Satellite description of the land 
surface temperature (LST)
1. Atmospheric brightness & emissivity 

3. Integrating satellite with ground-
based measurements
i. Aim of developing a predictive model 

for air temperatures



Community-Based Heat Assessments
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• City Organizer recruits 20-40 
volunteers

• Organizer/volunteer designs 
driving route for each study area 

• CAPA trains volunteers on 
equipment usage & driving/biking 
route

Preparation Execution Interpretation



• Volunteers drive/bike 
at 6am, 3pm, 7pm

•Navigators direct 
driving turns and 
operate equipment 
(on/off)

• Volunteers return 
equipment and 
debrief 

Preparation InterpretationExecution



• Report sent, and 
community 
interpretation of results

• Follow-up survey: 
participant experience & 
interest in climate issues

• Potential for additional 
services/studies

Preparation Execution Interpretation



Outputs: City of Boston (MA, 2019)



Machine Learning: Random Forest

• Integrate ground-based measurements 
with satellite imagery

i. Satellite bands provide descriptions about 
land cover

ii. Diversity of land covers provide variation in 
temperature measurements

• Identify 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 into account what is on the ground, as 

opposed to directly statistical estimation



Satellite-Based Measurements

Weaknesses
1. Exaggerates temperature ranges
2. Coarse pixel size (30m, 90m, 1km…)
3. Rooftops as opposed to street-level
4. Discrete differences between land covers
5. Translation to policy remains unclear

Strengths
1. Freely available across the world
2. Seasonal availability
3. Intra-urban variation detectable
4. Extensive literature and research
5. Potential connections to land use



Ground-Based Measurements

Weaknesses
1. Coordination of local community groups 

requires time and strategy
2. Not free due to engagement and analysis
3. Seasonal differences not [yet] available
4. Clouds or rain can create delays
5. Generalizable models are still forthcoming

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



Richmond (VA): Heat Vulnerability



Development of Decision Support Tools

www.capainsights.com/branchout



District of Columbia Extensions: Land Use Change



Engage communities in describing and 
localizing climate-induced hazards

Develop analytical tools for examining 
scenarios of adaption actions

Support capacity building efforts through 
engaging decision makers and 
community groups

Climate Adaptation Planning & Analytics
(CAPA)
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Remember to….
� Read about the 2020 Urban Heat 

Island City Funding Opportunity and 
Apply

� See results from previous Urban Heat 
Island Campaigns.

� Sign up for the Heat Beat newsletter 
to keep up with the campaigns this 
summer.

nihhis.cpo.noaa.gov

http://www.capastrategies.com/

