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Introduction to Heat Waves 

and Heat Island Effects
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Urban Heat Island (UHI): DEFINITION

(US EPA 2008, p.4)

• Urban heat island (UHI) [1]

The relative warmth of a city compared with surrounding rural areas, 

associated with changes in runoff, effects on heat retention, and 

changes in surface albedo.

• Surface Heat Islands [2]

These heat islands form because urban surfaces such as roadways 

and rooftops absorb and emit heat to a greater extent than most 

natural surfaces. Surface heat islands tend to be most intense 

during the day when the sun is shining.

• Atmospheric Heat Islands [2]

These heat islands form as a result of warmer air in urban areas 

compared to cooler air in outlying areas. Atmospheric heat islands 

vary much less in intensity than surface heat islands.

• Tropical night [3]

When the minimum temperature in a day (including at night time) 

does not fall below 20°C.

[1] IPCC 2013, Glossary (p.185 and ss).; [2]  US EPA 2008 (p.12-13); [3] OFEV 2018 (p.11)
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Urban Heat Island (UHI): PRINCIPLES

(US EPA 2008, p.4)

• Elevated surface and atmospheric temperatures in urban 

and suburban areas compared to the rural surroundings. 

• Accentuated daytime warming and reduced nighttime 

cooling in urbanized areas.

• Surface temperatures vary more than air temperatures 

during the day, but they both are fairly similar at night.

• Surface temperatures are most intense during the day 

and in the summer.

• Air temperatures are most intense at night or predawn 

and in the winter

• Surface temperatures (ST) have an indirect, but 

significant, influence on air temperatures (AT):

o Parks and vegetated areas, have cooler ST, and 

contribute to cooler AT. 

o Dense built-up areas, have hotter ST that leads to 

warmer AT.

(US EPA 2008 , p.1-5)
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Urban Heat Island (UHI): PROCESS

(OFEV 2018 and US EPA 2008)

UHI Factors 

• Climatic and meteorological conditions 

• Geographic location

• Urban and architectural geometry

• Thermal trapping and ventilation

• Properties of urban materials

• Increased impervious surfaces

• Reduced vegetation and permeable surfaces

• Anthropogenic heat emissions

• Air pollution and local greenhouse effect

(Nuruzzaman 2015, p.68)
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Urban Heat Island (UHI): EFFECTS

Compromised human health and comfort

Higher daytime temperatures, reduced nighttime cooling, 

and higher air pollution levels contribute to heat-related 

deaths and illnesses (e.g. general discomfort, respiratory 

difficulties, heat cramps, heat exhaustion, etc.).

Increased energy consumption

Elevated summertime temperatures in cities increase 

energy demand for cooling and add pressure to the 

electricity grid during peak periods of demand

Elevated air pollutants and greenhouse gases

Higher temperatures can increase energy demand, which 

generally causes higher levels of air pollution and 

greenhouse gas emissions. 

Impaired water quality

Rapid temperature changes in aquatic ecosystems 

resulting from warm stormwater runoff can be particularly 

stressful and even fatal to aquatic life.

Excess mortality attributed to heat and cold: a health impact assessment 

study in 854 cities in Europe (Masselot et al. 2023, p.7)

(US EPA 2008 , p.1-5)

Poor city dwellers and vulnerable communities 

are more exposed to climate change impacts !

(Filho et al. 2021)
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Strategy and Tools to Mitigate 

the Urban Heat Island
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Nuruzzaman 2015 (page 68)

UHI Mitigation Strategies and Process
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Urban Heat 
Mitigation by 
Green and 
Blue 
Infrastructure 
(Kumar et al. 2024 , p.1)
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Urban Heat 
Mitigation by 
Green and 
Blue 
Infrastructure 
(Kumar et al. 2024 , p.13)
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Gunawardena et al. 2017 (page 1051)

Green-space  and Blue-space Interaction 
with the Urban Climate 
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Norton et al. 2015 (page 129)

Planning Strategy for Cooler City (1)
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Planning 
Strategy for 
Cooler City 
(2)

Norton et al. 2015 (page 130)
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Norton et al. 2015 (page 131)

Planning Strategy for Cooler City (3)
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The integrated Heat Reduction 

Strategy of the City of Zurich (CH)
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Canton of Zurich, Climate-Adapted 
Planning and Desing Process

1.1 Basics

1.2 Specialised planning for climate adaptation

1.3 Strategy, Municipal Development Planning

1.4 Utilisation planning, building and zoning regulations

2.1 Statement of Intent

2.2 Expert competition or other qualitative procedures

2.3 Master plans, guidelines

2.4 Special development planning/design plan or special building regulations

2.5 Urban development contract; development contract

2.6 Outdoor space concept

2.7 Rainwater concept

2.8 Utilisation and maintenance concept

Climate Adaptation Planning Process (Baudirektion Kanton Zürich, 2022)
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Canton of Zurich, Measures against heat

Source: Website, Kanton Zürich, Umwelt & Tiere, Klima, Hitze im Siedlungsraum, Massnahmen gegen Hitze (as of 21.03.2024): 

https://www.zh.ch/de/umwelt-tiere/klima/hitze-im-siedlungsraum/massnahmen-gegen-hitze.html#-666998398

https://www.zh.ch/de/umwelt-tiere/klima/hitze-im-siedlungsraum/massnahmen-gegen-hitze.html#-666998398
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City of Zurich, 2020 Specialised Planning for Heat 
Mitigation: OBJECTIVES AND DOCUMENTS

1. Avoid overheating in the entire urban area

The heat mitigation sub-plan is an area-wide plan which 

identifies and connects possible actions to all types of urban 

structures and open space categories with their respective 

portfolios. 

2. Provide targeted relief for vulnerable urban areas

The relief system sub-plan forms a dedicated system of different 

open spaces and open spaces and corresponding shaded 

paths. It is dedicated to vulnerable areas, so-called hotspots and 

their respective catchment area of 400 m (buffer).

3. Preserve the existing cold air system of the city of Zurich

The sub-plan for the cold air system depicts the still largely 

functioning cold air system in Zurich and initial recommendations 

for climate-optimised planning and construction. 

3 Main objectives: Avoid, relieve, maintain1 Integrated Strategy 3 Sub-plans



ENV-442 Urban Green & Blue Infrastructure and Global Warming 21.03.2025 / S.28Environmental sciences and engineering (SIE)

City of Zurich, 2020 Specialised Planning for Heat 
Mitigation: FIELDS AND LINES OF ACTION

7 Fields of action →

13 Lines of action →



Heat mitigation sub-plan



Relief system sub-plan 



Sub-plan for the cold air system 
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