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Urban Heat: 
Rising 

Temperatures 
and Population 
Vulnerability in 

Cities



NASA GISS Surface Temperature Analysis (GISTEMP v4) trend map of observed global surface temperature change

Global climate change and warming is uneven across the globe
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Professor Dan Li 
(Earth & Environment)

Cities are hotter than rural areas, 
particularly during heat waves

Land Surface Temperature Canopy Cover

Global climate change and warming is uneven across the globe



Fitzpatrick & Dunn 2019

The weather in Boston is expected to look like Washington by 2050



The 2003 European heat wave led to 
the hottest summer on record in 
Europe since at least 1540. 

8 consecutive days with T > 104 °F. Over 
30,000 deaths, fires, agricultural losses. In 
France alone, 14,802 heat-related deaths 
occurred during the heat wave.

Global climate change and warming is uneven across the globe



1. Reduce GHG emissions and tackle the 

fundamental problem

2. Increase use of air conditioning

3. Green infrastructure to cool
4. Cool building materials (high 

reflectivity, low absorption)

5. Shade
Illustration by Rubén D. Cerón Guevara (MET’19) and Prof. Madhu Dutta-Koehler

How to we tackle the urban heat problem?



Warming climate means more electricity demand

Current Climate   
2041-2060 RCP 8.5  
2041-2060 Multi-model median

Professor Ian Sue Wing  (Earth & Environment)



Shading

CO2H2Ovapor

Evapotranspiration

*A 20% increase in canopy cover can 
reduce local air temperatures by more 
than 5 °F (Krayenhoff et al. 2021)

How do trees cool cities?



Ground Heat Flux: Warming of surface and soil
Sensible Heat Flux: Warming of air near surface
Latent Heat Flux: Cooling effect

Winbourne et al. 2020

These must balance!

How do we cool cities?



Within cities, warming and vulnerability are not evenly distributed

Trlica et al. 2018 (Prof. Hutyra)

whereas urban cores are areas where ISA is greater than
80%. Rural areas (ISA , 20%), by definition, have
limited urban heating effects, based on our linear
models. Nighttime ›Ta during spring is higher, resulting
in a moderately elevated DTa of 1.018 6 0.228C in the
suburbs and 1.908 6 0.098C in the urban cores. Spring
nighttime ›VPD is very low (Fig. 4), resulting in a sub-
urban DVPD of 0.12 6 0.02 kPa in the suburbs and
DVPD of 0.21 6 0.01 kPa in the urban cores.
During summer, ›Ta and ›VPD are considerably

higher, resulting in much stronger landscape-scale
variability in DTa and DVPD (Figs. 6 and 7). Sum-
mertime DVPD reaches 0.60 6 0.03 kPa in the urban
cores of Boston and Worcester at night, with compa-
rable values (0.54 6 0.03 kPa) during the daytime.
Summer DTa reaches 2.078 6 0.108C in the urban cores
in the daytime but is considerably larger during the
nighttime, with DTa reaching up to 2.918 6 0.148C. At
intermediate levels of urbanization, model results show
substantial variability. Suburban areas and road net-
works in the region exhibit moderate levels of DTa and
DVPD; during the summer nights, suburban regions
experienced DTa and DVPD of 1.678 6 0.348C and
0.34 6 0.07 kPa enhancements, respectively. Summer
daytime effects for DTa were 1.198 6 0.248C in the
suburbs and 2.078 6 0.108C in the urban cores. For

DVPD, summer daytime effects were 0.31 6 0.06kPa in
the suburbs and 0.54 6 0.03kPa in the urban cores. In
contrast withDTa, whichwasmore sensitive to the time of
day, DVPD appears to be much more sensitive to season.

d. Comparison of air temperature and land surface
temperature

Land surface temperatures, point sampled at the time of
measurement from the pixel surrounding each sensor
(sample size of 71), were consistently and substantially
higher than measured air temperature (Fig. 8). Note that
the satellite data only record LST at the overpass time,
approximately 1015 LT. The difference between LST and
Ta varied with season and underlying ISA, with the largest
differences (58–188C) occurring during spring and sum-
mer, moderate differences (58–118C) occurring during
autumn, andmodest differences (08–38C) occurring during
winter. The differences between LST and Ta were highest
at sensors in locations with high levels of ISA (.80%),
with LST–Ta differences reaching 158C during spring and
summer, 108C in autumn, and 78C in winter. There was
little variation in the LST–Ta difference across lower
levels of ISA (,80%), with differences near 108C in spring
and summer, 88C in autumn, and nearly 08C in winter.
Maps of the daytime SUHI show substantial spatial

heterogeneity and relatively high absolute magnitude in

FIG. 6. Maps illustrating the total enhancement in air temperature arising from ISA (DTa) as predicted by linear models. The values
given in parentheses in this caption are themean6 2 standard errors over all models in each temporal subset. Shown are (a) spring daytime
(R2 5 0.499 6 0.028; RMSE 5 0.5128 6 0.0368C), (b) spring nighttime (R2 5 0.674 6 0.034; RMSE 5 0.4878 6 0.0488C), (c) summer
daytime (R2 5 0.589 6 0.028; RMSE 5 0.5668 6 0.0348C), and (d) summer nighttime (R2 5 0.722 6 0.018; RMSE 5 0.5158 6 0.0328C).
Daytime corresponds to 1000 LT (for comparison with the SUHImaps, in Fig. 9 below), and nighttime corresponds to 0000 LT. Note that
the scales are constant across time of day and season.
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FIG. 6. Maps illustrating the total enhancement in air temperature arising from ISA (DTa) as predicted by linear models. The values
given in parentheses in this caption are themean6 2 standard errors over all models in each temporal subset. Shown are (a) spring daytime
(R2 5 0.499 6 0.028; RMSE 5 0.5128 6 0.0368C), (b) spring nighttime (R2 5 0.674 6 0.034; RMSE 5 0.4878 6 0.0488C), (c) summer
daytime (R2 5 0.589 6 0.028; RMSE 5 0.5668 6 0.0348C), and (d) summer nighttime (R2 5 0.722 6 0.018; RMSE 5 0.5158 6 0.0328C).
Daytime corresponds to 1000 LT (for comparison with the SUHImaps, in Fig. 9 below), and nighttime corresponds to 0000 LT. Note that
the scales are constant across time of day and season.

APRIL 2017 WANG ET AL . 825

Summer daytime

Summer nighttime

whereas urban cores are areas where ISA is greater than
80%. Rural areas (ISA , 20%), by definition, have
limited urban heating effects, based on our linear
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FIG. 6. Maps illustrating the total enhancement in air temperature arising from ISA (DTa) as predicted by linear models. The values
given in parentheses in this caption are themean6 2 standard errors over all models in each temporal subset. Shown are (a) spring daytime
(R2 5 0.499 6 0.028; RMSE 5 0.5128 6 0.0368C), (b) spring nighttime (R2 5 0.674 6 0.034; RMSE 5 0.4878 6 0.0488C), (c) summer
daytime (R2 5 0.589 6 0.028; RMSE 5 0.5668 6 0.0348C), and (d) summer nighttime (R2 5 0.722 6 0.018; RMSE 5 0.5158 6 0.0328C).
Daytime corresponds to 1000 LT (for comparison with the SUHImaps, in Fig. 9 below), and nighttime corresponds to 0000 LT. Note that
the scales are constant across time of day and season.
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Wang et al. 2017 (Profs Friedl, Li, Hutyra)
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Will we continue to receiving cooling benefits from trees?

Current supply of cooling by trees

Smith et al. in review; Tieskins et al. in review Boston’s temperatures may look like DC in 2050,
but will our vegetation look like Phoenix?

Winbourne et al. 2020



1. Reduce GHG emissions and tackle the 

fundamental problem

2. Increase use of air conditioning

3. Green infrastructure to cool
4. Cool building materials (high 

reflectivity, low absorption)

5. Shade
Illustration by Rubén D. Cerón Guevara (MET’19) and Prof. Madhu Dutta-Koehler

How to we tackle the urban heat problem?

There is no magic bullet to fix the problem, we need multiple solutions


