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Oct 14: Urban Heat Islands (UHI )

Foci of the Day

« (Causes and consequences of UHI effects
* Major methods for quantifying UHI
 Strategies to reduce UHI effects

Reading: What Are Heat Islands? (https://www.epa.gov/heatislands/what-are-heat-islands)

Reference: Oke, T.R. (1973). City size and the urban heat island. Atmospheric Environment, 7(8), 769-779.
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Urban Heat Islands (UHI )

 The UHI effect is defined as a difference in temperature between the built
environment and the natural (surrounding) environment.

 The UHIl intensity can be measured by one of two closely coupled
temperatures: (a) the urban skin temperature (pavements and buildings)
or (b) the meteorological UHI (air temperature)

Phelan, P. E., Kaloush, K., Miner, M., Golden, J., Phelan, B., Silva III, H., & Taylor, R. A. (2015). Urban heat island: mechanisms, implications, and possible
remedies. Annual Review of Environment and Resources, 40(1), 285-307.
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Surfabrgtemperatures vary more than atmospheric air temperatures during the day, but they are generally
similar at night. The dips and spikes in surface temperatures over the pond area show how water maintains
a nearly constant temperature day and night because it does not absorb the sun’s energy the same way as
buildings and paved surfaces. Parks, open land, and bodies of water can create cooler areas within a city.
Temperatures are typically lower at suburban-rural borders than in downtown areas.
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Mileage stones

. AVERAGE MONTHLY MEAN TEMPERATURES, FROM 1817 TO 1823.
H OoOwa rd ’ Lu ke (1 833) . The Cllmate The Results obtained from a twenty years” series of these were made the basis, in the early part of this
article, of a companson between the London and country temperatures, which was illustrated by a set
Of London . H d rvey d nd Da rton ’ of Curves. It 1s proper that I should exhibit a continuation of these to the extent at which it can at
resent be done satisfactornly; which, for reasons already @iven, 15 only to the year 1823 inclusive. The
London P - ve yehe
* following are the Averages in question.

Month In the Country In London Difference
* First to systematically 1 Jan. 0 oY .
. 2 Feb. 38.38 41.31 2.93
document how temperatures in 3 Mar. 4239 44.81 2.42
. . 4 ;\pn! 47.42 49.94 2.52
London were higher than in ( _;un;- B 616 e
surrounding rural areas. 7 July 62.45 63.95 1,50
85 Aug. 62.21 G4.07 1.86
. 9 Sept. 57.35 59.77 242
« Concept of “urban climate” -- 10 O 9,01 5204 303
first quantitative evidence of b o s e
U RI Mean 4920 51.78 2.52
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Mileage stones
Oke, T.R. (1973). City size and the urban heat island. Atmospheric Environment, 7(8), 769-779.

Relationship between city size and UHI intensity in Canada, North America and Europe
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Oke, T.R. (1973). City size and the urban heat island. Atmospheric Environment, 7(8), 769-779.
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Causes of Heat Islands

(https://www.epa.gov/heatislands/what-are-heat-islands)

1) Reduced Natural
_andscapes in Urban Areas.

2) Urban Material Properties.
3) Urban Geometry.

4) Heat Generated from
Human Activities.

5) Weather and Geography.

Factors Contributing to UHI Effect
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https://www.pavetechinc.com/uhl-mltlgation/
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How is UHI quantified?

1) Long-term climate (weather) stations
2) Remote sensing of land surface temperature (LST)
3) Modeling



Tian, L., Chen, J., & Yu, S. (2013). How has Shenzhen been heated up during the rapid urban build-up
process?. Landscape and Urban Planning, 115, 18-29.
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Legend

A Meteorological Station

Spatial locations of the four urban climatic stations used in this study in the southeast coast of PR
China. The land cover was from urban fringe to a residential landscape setting in or near business areas.
Shenzhen is a new city built from a small town in 1980.
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)_FS2( Table 2. Statistics of the absolute temperatures of four study cities before and after the SEZ
was built in the mid-1980s.

SEZ ShT Shw Y]
1961- 1986- 1961- 1986- 1961- 1986- 1961- 1986-
1985 2010 1985 2010 1985 2010 1985 2010

Global warming (temperature

. . . Tipn Mean 22.06 2318 {112 (21.2 2219 1 099:22.06 2255 049 2219 22,79 :0.60
increase) vs urbanization 0
induced UHI.

Max 2645 2692 {047 2484 2596 1122558 26.10 0.52; 26.14 26.50 |0.36
Min 1892 2056 ;164 1836 19.28 {092:19.23 19.82; 0.59; 19.26 20.07 ;0.81

Tiagn Mean 14.04 1569 | 1.65 {130 1451 | 15111426 1524 098 1442 1544 102

Warming trends (i.e., (O Max 1936 1092 [056{1726 1869 | 14311853 1952| 099} 1930 19.75 |045
temperature increases) were Min 1046 1279 {233 987 1138 | 151 1114 1224 110} 1094 1240 | 146
found in all four study cities, T,y Mean 28.26 2899 | 0.73 (2818 2879 | 0.61/28.10 2836 0.26{ 28.10 2827 | 0.7
likely due to warming trends in (O Max 3208 3234 10263156 3233 077{3086 3112 | 026] 3151 3155 |0.04
the region and globe Min 2520 2644 | 124 (2548 26.02 | 0542558 25.80| 022{ 2547 2570 |023

T, Mean 1543 1698 | 1.55 ;1467 1583 | 116 {15.88 16.53 ! 0.65{ 15.75 16.69 :0.94
Max 20.85 2143 ;0581913 2015 | 1.02{20.35 2104 0.69; 2091 2137 046
Min 1174 13.88 2.4 {1122 1240 ! 118 {1242 1332 090 11.98 13.22 | 124
T. Mean 2782 2841 {059 :2708 2773 ;0652742 2769 0.27; 2766 28.07 ;041

Q) Max 3136 3145 :0.09:30.09 3088 : 0.79{2998 30.13: 0.5} 30.75 3097 :0.22

Min 2491 26.15 124 {2462 2535 0.73{2511 2547 0.36{ 25.26 25.73 ;047




J)_Fo. i a) Annual Tmin

d ) Winter solstice Tmin

e Changes in the absolute and
relative temperatures of four
urban areas from 1960 to 2010.
The T . values of the year,
January, July, and around
summer/winter solstices (i.e., two
weeks) were calculated based on
the daily measurements.

1960 1970 1980 1990 2000 2010
Year

¢ ) July Tmin

4 50

. I 1
Ratic- 7;“m” —ZXQ_OZZ 7;11iu“

i=] 1zl

* T ., appeared to be the most
sensitive variable quantifying the
magnitude and direction of UHI in A
all four cities at)

1960 1970 1980 1990 2000 2010
Year

Where i is one of the cities ( SEZ,ShT,ShW,YJ);
n is the time from 1961 to 2010.
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Zhu, Y., Myint, S. W., Chen, J., Fan, P., Seto, K. C., Jain, A., ... & Wang, J. (2025). Thermal changes along
the urban-rural continuums in Southeast Asia. Environmental Research Letters, 20(5), 054051.

This study examines LST, LCLU, and 2) RN T A b) LST Sen's Slope (°C/year)
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Schlunzen, K. H., Grimmond, S., & Baklanov, A. (2023). Guidance on measuring, modelling and

monitoring the canopy layer urban heat island (CL-UHI).

Daytime S-UHI from satellite
07/08/2020 12H LT

%4 Night-time S-UHI from satellite:
' 15/07/2019 22H LT

¢
&’:. A

.
-
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D2 5. S KM 4 gl
. 5

Night-time CL-UHI from weather stations’
15/07/2019 22H LT

Daytime CL-UHI from weather stations
07/08/2020 12H LT

R

Figure A3.1. Toulouse, France (a, b) S-UHI (ECOSTRESS satellite, 70 m resolution) and
(c, d) CL-UHI spatially interpolated network (dots) to 250 m using additional information
on urban fraction and altitude (Touati et al., 2020). (a, ¢) 12:00 local time, 7 August 2020,

(b, d) 22:00 local time 15 July 2019.
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Heat Island Impacts

(https://www.epa.gov/heatislands/what-are-heat-islands)

1) Increased Energy Consumption.
2) Elevated Emissions of Air Pollutants and Greenhouse Gases.

)
)

3) Compromised Human Health and Comfort.
)

4) Impaired Water Quality.

https://www.youtube.com/watch?v=Y-bVwPRy no&t=20s
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Heat Island Reduction Solutions

(https://www.epa.gov/heatislands/what-are-heat-islands)

Increase Trees and Create Green Roofs Install Cool Roofs
Vegetation _

Explore green roofs as a proven Find what cool roofs are, how they
Learn simple and effective ways method to reduce heat islands and work to reduce heat islands, and
plants can cool the environment. achieve cost-effective benefits. other benefits.

Find Trees and Vegetation
Solutions Explore Green Roof Solutions Learn About Cool Roofs
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Heat Island Reduction Solutions

(https://www.epa.gov/heatislands/what-are-heat-islands)

Use Cool Pavement Adapt to Heat Follow Smart Growth
- . , - Principles

Learn how cities are using cool Find ways communities can

pavements and emerging effectively plan and adapt to heat. Learn the principles to make

technologies as heat island communities more attractive,

reduction measures. livable, and economically vibrant.

Access Cool Pavement Apply Smart Growth
Information Assess Ways to Adapt to Heat Principles
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Yu, Z., Li, S., Yang, W., Chen, J., Rahman, M. A., Wang, C., ... & Zhou, W. (2025). Enhancing Climate-Driven Urban
Tree Cooling with Targeted Nonclimatic Interventions. Environmental Science & Technology, 59(18), 9082-9092.

We quantify the diel CE of 229 cities across four climatic zones and employ
a machine-learning model to assess the influence of variables on CE.

We found that for every 10% increase in tree cover, surface temperatures
are reduced by 0.25 °C during the day and 0.04 °C at night.

Trees in humid regions exhibit the highest daytime CE, while those in arid
zones demonstrate the greatest cooling effect at night.
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Global patterns of daytime cooling efficiency (CE) of urban trees

60° N

30°N +

0°

30°S

0.020 0.025 0.030 0.035 0.040 0.045

T T T T
120° W 60° W 0° 60° E 120° E
CE
b 0.0401 C Avrid Semiarid [ Subhumid T | Humid
15 0.0351
0.030
0.025 f====zzmmmmmmemmaeaaE I -------------------------------------------
20 I RE x
()] T -
] 0.0201 - .-
2 = £
o 0.0151
g 0
a 0.0101
0.005 1
=2 0.000
099\0 @0 @Q\ '*9\ ‘19\ '\Q\Qfl’ 0%0\ @0@0\0@\ ,50\0,19 09\0 @0@\0@\ S @\QQ\Q S ‘50\0 Q\Q@\Q@\
SO EP S TE TS SRR EEE e
. . - . . . 3 o o . . , . o . o ’ ’ . - N3
-40 SRS \,,,‘«\t" \,b'«\b\q;«\b @'?9 @'?9 é'\\’?}\ @"\ @’?9 @t’(@&\ K \\\o@\ I \@@\ L ({\\b\z\\)@sz?é;\)é\\ \zf ~2~°©~2~°©~2~§\
001 002 003 0.04 S L e T T LTI
o o S PP PP



GEO409uk82026
Global patterns of nighttime cooling efficiency (CE) of urban trees
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Take-home-messages

Five major causes of UHI

1) Reduced natural landscapes in urban areas.

N

Urban material properties.

)  Urban geometry.

Heat generated from human activities.
)  Weather and geography.
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Three major approaches to quantify UHI
1) Long-term climate (weather) stations.
2) Remote sensing of land surface temperature.
3) Modeling.

Four major consequences
1) Increased energy consumption.
2)
3) Compromised human health and comfort.
4) Impaired water quality.

Elevated emissions of air pollutants and GHG.

Six strategies to reduce UHI effects

—_—

Increase Trees and Vegetation
Create Green Roofs

Install Cool Roofs

Use Cool Pavement

Adapt to Heat

Follow Smart Growth Principles

o) O1

Use less energy
l.e., similar to carbon footprint!
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Next Lecture: phenological Changes and Climate (Prof. G. Henebry)
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